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INTRODUCTION 

The head and mouth-parts of Diptcra offiT a rich field for research. 
A number of excellent studies have been made by several investigators 
and they deserve careful consideration. A review of practically all the 
literature shows that a majority of the workers have examined only one 
or a few species. Meinert (1881) and Hansen (1883), however, studied 
a number of forms, but they were mostly specialized species ; while an 
important study by Kellogg (1899) deals only with the families of the 
Nematocera. Becher (1882) is the only investigator who lias studied a 
large series of generalized and specialized species. I have made a special 
effort to secure as many generalized and specialized species as possible, 
since it is higlily desirable and essential in homologizing structures to 
have at hand a wide range of species. 

Extensive studies have not heretofore been made, so far as I know, 
on the head-capsule ; consequently the important relationship which ex- 
ists between the mouth-parts and the head-capsule in generalized insects 
has not been traced in Diptera. This relationship is just as significant 
in ascertaining the correct interpretation of the mouth-parts of Diptera 
as it is in other orders. Its importance is illustrated by a study of the 
head and mouth-parts of the Thysanoptera (Peterson, 1915). 

A review of the literature, Dimmock (1881) or Hansen (1883), 
discloses the many and varied interpretations that have been given to 
the mouth-parts of Diptera. To arrive at a correct interpretation of the 
fixed and movable parts of the head, the head-capsule and mouth-parts 
of all the species studied, irrespective of the established systematic 
position of the species, have been carefully compared with the head and 
mouth-parts of generalized insects. On the basis of this comparison, 
generalized, hypothetical types have been constructed for each fixed 
and movable part. Each hypothetical type is made up by an accumu- 
lation of all the generalized characters found among the Diptera, and 
should show an intermediate stage between generalized insects and Dip- 
tera. The use of such a hypothetical type is a great aid not only in 
■showing how the dipterous type has been developed, but also in deter- 
mining the homology of the parts. 

The scope of this investigation makes it necessary to limit the dis- 
-cussions to the general subject of homology; consequently many details 
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of stracture and other interesting modificationSj shown in the figures 
but without direct bearing on the subject of homology, are necessarily 
disregarded. The fixed and various movable parts of the head are dis- 
cussed separately, as developed from the hypothetical types, the discus- 
sions in every case proceeding from the generalized to the specialized. 

All the general conclusions pertaining to the head and mouth-parts 
presented in the following pages are based entirely on a study of the 
species listed under “materials’^, unless otherwise stated. General 
statements in respect to the mouth-parts are true only for species having 
them well developed. 

The names here adopted for the selerites of the head and mouth- 
parts have been made to agree, so far as possible, with the terms now 
in common use for the same parts in generalized insects. The terms 
most commonly used thruout the literature for structures peculiar to 
this order have been adopted unless clearly unsuitable ; and new terms, 
have been applied only to structures described here for the first time 
and to parts to which the current names are inappropriate. 

METHODS 

The greater part of this study was made from dried specimens that 
had been soaked from two to twenty-four hours in a 10% solution of 
potassium hydroxide. The selerites of weakly chitinized forms show 
more clearly when they have been soaked for only a short time. After 
soaking, the heads were washed in distilled water to remove the potas- 
sium hydroxide and then preserved in 70% alcohol. 

All dissections were made under a binocular microscope in 70% 
alcohol in deep watch-glasses or in carbol- aniline oil. Studies and 
figures were largely made from dissected parts in alcohol. Cleared 
preparations mounted in balsam were also found useful. Tn making 
such preparations the parts w^ere dissected, stained, and cleared in 
carbol-aniline oil. This oil evaporates slowly, will mix readily with 
safranin or orange G dissolved in 95% alcohol, and will clear from 
any grade of alcohol above 50% ■ The staining of material with safranin 
before mounting proved to be very useful in differentiating the almost 
colorless parts of some species. When using aniline oil it is necessary 
to remove as much as pos.sible of the oil before mounting, otherwise the 
balsam will eventually darken. 

The material for sections was fixed with hot (80° C.) corrosive 
sublimate (saturated corrosive sublimate in 35% alcohol plus 2% of’ 
glacial acetic acid) for fifteen minutes to two hours. This was replaced 
by 70% alcohol containing a few drops of iodine, and the material was 
allowed to remain in this for twenty-four or more hours. Paraffin hav- 
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ing a melting point of 62-64 C. was a sufficiently firm iiiediiun in which 
to cut sections as thin as eight microns. Specimens stained in toto gave 
the best results. Delafield's haematoxylin required 24-48 hours, and 
borax carmine 3-7 days. 
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j\IATEHIALS 

The following list of insects includes all of the identified forms 
studied. The families of Diptera to which tlicse species belong are 
arranged according to Aldrich’s ‘‘Catalogue of North American Dip- 
tera”. The generic and specific names of all but a few species may 
likewise be found in this catalog. 

Aldricli lists fifty-nine families; of these, one or more representa- 
tives of fifty-three families have been studied. The following are not 
represented : Orphnephilidae, Acanthomeridae, Nemestrinidae, Apio- 
ceridae, Rhopalomeridae, and Nycteribiidae. The male and female of 
each species have been observed except in a few cases ; in these the word 
“male” or “female” after the species name indicates which sex has 
been seen. Excepting one or two forms, the male and female have both 
been drawn if they were decidedly different. If the two sexes are 
similar, the figures were mostly made from the female. An asterisk 
before the name of a species indicates that this form has been embedded, 
sectioned, and studied. The figures following the various species refer 
to the drawings made of the same. 
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Diptera 

Suborder Proboscidea 


Orthorrhapha-Nemocera. 

Tipulidae.— ^Tipula bieornis (Fig. 18, 95, 178, 277, 383, 384, 388, 
and 503), Tipula cunetans, Tipula abdominalis, Liraiiobia im- 
matura, female (Fig. 93, 386, and 507), Helobia punctipen- 
nis, female (Fig. 385), Trichoccra bimaeula, male (Fig. 16, 78, 
158, 200, 260, 311, 365, 499, and 500), Geranomyia canadensis, 
male (Fig. 382 and 506), Ptychoptera rufocincta (Fig. 15), 
and Bittacomorpha elavipes, male (Fig- 85 and 389). 

Dixidae.— Dixa clavata (Fig. 19, 79, 163, 199, 262, 375, 387, 501, 
and 502), and Dixa modesta (Fig. 254). 

Psychodidao. — Psycboda albipennis (Pig. 8, 82, 166, 202, 263, 318, 
372, 529, and 530), and Psycboda sp. 

Chironomidae. — Cliironomus ferugiueovittatus (Fig. 12, 88, 89, 152, 
206, 207, 270, 312, 371, 531, and 532), Culicoides sanguisugus 
(Fig, 253, 265, and 521), and Forciporayia cilipea. 

Culicidac. — Psorophora ciliata (Fig. 10, 26, 96, 159, 210, 211, 251, 
266, 373, 380, 381, 504, and 505), Anopheles sp., and *Culex sp. 

Mycetophilidae. — Sciara varians (Fig, 17, 81, 150, 205, 267, 314, 
360, 512, and 513), Mycetobia divergens (Pig. 7, 90, and 161), 
Mycetophila punctata (Fig, 11 and 87), and Leia oblectabilis 
(Fig. 368). 

Cecidomyiidac.— Rabdopliaga strobiloides (Fig. 6, 86, 170, 201, 268, 
313, 367, 510, and 511), and Cecidomyia sp. 

Bibionidae. — Bibio femoratus (Fig. 13, 14, 91, 92, 153, 154, 208, 
264, 315, 364, 522, and 523), and Bibio albipennis. 

Simuliidae.—Simulium venustum, female (Fig. 2, 77, 144, 204, 250, 
258, 316, 366, 489, 497, and 498), Simulium johannseni (Pig. 
3 and 252), Simulium peeuarum, and Simulium jenningsi. 

Blepharoeeridae. — Bibioeephala elegantula (Pig. 4, 5, 76, 83, 155, 
156, 203, 256, 269, 399, 526, and 527), and Blepharocera sp. 

Ehyphidae.— Rhyphus punctatus (Pig. 9, 80, 157, 209, 261, 321, 
374, 508, and 509). 

Ortliorrbapha-Bracliycera. 

Stratiomyiidae.— Stratiomyia apieula (Fig. 27, 28, 104, 160, 213, 
273, 331, 395, 396, 545, and 546), and Stratiomyia meigeni. 

Tabanidae.— Tabanus gigauteus (Pig. 20, 21, 74, 75, 142, 143, 214, 
255, 259, 283, 317, 390-392, and 494^96), Tabanus suleifrons, 
Tabanus atratus, Tabanus trimaeulata, and Chrysops striatus. 

Leptidae. — Leptis vertebrata (Fig. 34, 35, 103, 145, 218, 275, 323, 369, 
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370, 520, and 525), Chrysopila proxima, Chrysopila tlioracica, 
Chrysopila qiiadrata, and Clirysopila vehitina. 

Cyrtidae. — Oncodes costatus (Fig. 53, 105, 109, 220, 486, and 487), 
Eulonchns tristis (Fig. 284a, 364a, 425a, 425b, and 543), and 
Pterodontia flavipes. 

Bombyliidae, — Exoprosopa faseiata (Fig. 29, 98, 162, 216, 285, 361- 
426-429, 549, and 550), Systoechns vulgaris, Lcpidopliora sp., 
and Bombylius major (Fig. 482). 

Therevidae. — Psiloeephala liaeinorrboidalis (Fig. 33, 36, 100, 173, 

281, 324, 402, 403, 533, and 534). 

Scenopinidae. — Seenopinus feiicstralis (Fig. 41, 42, 107, 149, 219, 

282, 325, 400, 401, 537, and 538). 

Mydaidae. — My das davatiis (Fig. 30, 99, 146, 212, 271, 319, 397, 
398, 535, and 536). 

Asilidae. — Promaclms vertebratus (Fig. 22, 84, 147, 148, 217, 276, 
322, 3T6-379, and 517-519), Asilns notatiis, and Deromyia um- 
brina. 

Doliehopodidae. — Dolicliopus bifractns (Fig. 43, 112, 168, 226, 284, 
432-434, 524, and 528), Dolicliopus sp. (Fig. 108), Psilopodi- 
nus sipho, and Syrupy cmis liiieatiis. 

Empididae. — ’^Empis clausa (Fig. 26, 40, 97, 164, 215, 274, 352, 
421-423, 547, and 548), Rharnpliomyia glabra (Fig. 424 and 
425), and Euhybus sp. 

Lonchopteridae.— Lonchoptera lutca (Fig. 37, 102, 177, 223, 280, 
320, 406-408, 539, and 541). 

Phoridae.— Aphioehaeta agariei (Fig. 31, 111, 174, 224, 278, 335, 
393, 394, 540, and 544), Mctopina sp., and Dohrniphora con- 
cinna. 

Cyclorrliapha-Atliericera. 

Platypezidae.— Platypeza v(dutina (Fig. 32, 110, 165, 222, 272, 326, 
415, 416, 542, and 542a). 

Pipunculidae. — Pipunculiis cingulatus (Fig. 38, 39, 106, 151, 243, 
279, 327, 435, 436, 561, and 562). 

Syrphidae. — Eristalis ten ax (Fig. 23-25, 113, 167, 232, 286, 328, 
441-443, 587, and 588), Syritta pipieus, and ♦Allograpta ob- 
liqua. 

Conopidae.— Conops brachyrhynchus (Fig. 67, 117, 186, 221, 305, 
35 ( 3 ^ 417-420, 591, and 592), Stylogaster biannulata (Fig. 359), 
and Physocephala tibialis. 

Cyclorrhapha-Calyptratae. 

Oestridae.— Gastrophiliis equi (Fig. 54, 138, 239, and 490-492). 

Tachinidae. — Archytas aiialis (Fig. 68, 124, 197, 247, 309, 353, 468, 
469, 604, and 605), Sipliona geniculata (Fig. 355 and 458), 
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Gonia capitata, Ocyptera fiarolinae, and Gymnosoma fuliginosa. 

Dexiidae.“Thelaira leiicozona (Fig. 65, 128, 196, 230, 301, 346, 473, 
474, 595, and 596). 

Sarcophagidae. — Sarcophaga haemorrhoidalis (Fig. 66, 130, 191, 
244, 310, 350, 477, 478, 602, and 603). 

Muscidae. — ’^Musca domestica (Fig. 71, 72, 133, 194, 242, 304, 351, 
465-467, 600, and 601), Calliphora vomitoria (Fig. 484 and 
485), ^Stomoxys caleitrans (Fig. 354, 479, 480, and 599), Myios- 
pila meditabunda (Fig, 120), Pollenia rudis, Lucilia caesar, 
and Calliphora erythrocephala. 

Anthomyiidae. — Ilydrotaea dentipes (Fig. 69, 70, 127, 195, 241, 308, 
349, 475, 476, 597, and 598), Lispa nasoni (Fig. 116 and 481), 
Dexiopsis lacteipennis, Coenosia aurifrons, and Chortophila sp. 

Cyclorrh apli a- Acalyp tratae . 

Scatophagidae. — Seatophaga furcata (Fig. 62, 135, 193, 246, 307, 
357, 470-472, 593, and 594). 

Ileteroneuridae. — Ileteroneura flaviseta (Fig. 49, 126, 176, 229, 298, 

340, 459, 460, 589, and 590). 

Helomyzidae. — Occothea fenestralis (Fig. 48, 137, 192, 227, 290, 332, 
452, 453, 580, and 581). 

Borboridae. — Borbonis equinus (Fig. 63, 136, 188, 231, 294, 342, 
437, 438, and 565-567), Limosina ferruginata, and Sphaeroeera 
pnsiUa. 

Pbycodromidae. — Coelopa vanduzeii (Fig. 58, 121, 182, 288, 337, 
448, 449, 559, and 560), 

Sciomyzidae. — Tetanocera plumosa (Fig. 55, 119, 180, 225, 302, 344, 
463, 464, 584, and 586), and Sepedon fascipennis. 

Sapromyzidae. — Sapromyza vulgaris (Fig. 60, 115, 171, 248, 289, 
329, 409, 410, 553, and 554), Sapromyza bispiua, Minettia lupu- 
lina, and Lonchaea polita. 

Ortalididae. — Chrysomyza deniandata (Fig. 64, 134, 181, 245, 295, 

341, 456, 457, 557, and 558), Tritoxa ineurva, Chaetopsis aenea, 
Caniptoneiira picta, Pyrgota sp., and Burnetopia sp. 

Trypetidae.—Fuaresta aequalis (Fig. 61, 131, 175, 240, 292, 347, 
413, 414, 572, and 573), Trypeta alba, and Straussia longipen- 
nis- 

Micrnpezidae. — Calobata univitta (Fig. 44, 114, 183, 236, 296, 348, 
446, 447, 551, and 552). 

Scpsidae.— Sepsis violacea (Fig. 46, 118, 184, 234, 287, 384, 439, 440, 
582, and 583), and Prochyliza xanthostoraa. 

Psilidae. — Loxocera pectoralis (Fig. 59, 123, 169, 235, 300, 339, 461, 
462, 570, and 571). 
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Diopsidae.— Sphyracephala bicornis (Fig. 52, 94, 190, 293, 338, 450, 
451, and 585). 

Epliydridae.— Oclithera mantis (Fig. 56, 101, 187, 237, 297, 336, 
444,. 445, 483, and 574-577), Paraliiniia appendiculata, and 
Parydra bituberculata. 

Oscinidae.— Chloropisca glabra (Fig. 51, 132, 189, 306, 345, 430, 431, 
555, and 556), Siphonella abdominaiis, and Ilippolates davipes. 

Drosophilidae.— Drosophila ampelopliila (Fig. 45, 125, 172, 238 291 
343, 454, 455, 563, and 564). 

Geomyzidae.— Chyroniya concolor (Fig. 50, 122, 179, 233, 299, 333, 
411, 412, 568, and 569). 

Agromyzidae.— Desmometopa latipes (Fig. 47, 129, 185, 228, 303, 
330, 404, 405, 578, and 579). 

Suborder Eproboscidea 

Hippoboscidae.— Olfersia ardeao (Fig. 57, 139, 198, 249, 358, 488, 
and 606), and Melopliagus ovinus. 

Orthoptera 

Periplaneta orieiitalis (Fig. 514), 

Melanopliis differentialis (Fig. 515). 

Gryllus pennsylvanicus (Fig. 516). 

Hypothetical and typical figures (Fig. 1, 73, 140, 141, 199h, 256h, 
257,362, 363, and 493). 

. FIXED PARTS OF THE HEAD 

A hypothetical head-capsule of Diptera (Fig. 1) has a dorso- ventral 
extension. The epicranial suture (c. s) is present on meson, and 
extends from the occipital foramen (o. f) to a point on tlui cephalic 
aspect ventrad of the antennae. At this point it bifurcates and the two 
arms continue to the invaginations of the ajitculor arms of tlie tentorium 
(i. a), which are situated at the dorsodateral angles of the clypeiis (c). 
The three unpaired sclerites included within, or veptrad of, the fork of 
the epicranial suture are the front (fr), clypeus (c), and labrnrn (1). 
The fronto-elypeal suture is represented by a dotted line in the figure. 
The vertex (v) includes all of the dorsal and cephalic aspects of the 
epieranium except the front (fr), while the geiiae (ge) are the regions 
of the vertex ventrad and inesad of the compound eyes. Two large 
compound eyes (c. e) cover the lateral portions of the cephalic aspect. 
Three ocelli (oc) are situated on the vertex. The occiput (occ) and 
postgenae (po) constitute the caudal aspect of the head-capsule. 
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The tentorium (t) of the hypothetical head-capsule has three pairs 
of invaj^inations, homologous with the invaginations in generalized in- 
sects. The invaginations of the posterior arms (i.p) of the tentorium 
are situated ventrad of the occipital foramen at the distal ends of ehitin- 
ized thickenings. The invaginations of the dorsal arms of the tento- 
rium (i.d) are on the cephalic aspect near the antennae and adjacent 
to the epicranial suture, while the invaginations of the anterior arms 
of the tentorium (i.a) are situated in the epicranial suture and adjacent 
to the dorso-lateral angles of the clypeus. 

The heads of all Diptera have a dorso-ventral extension, and in this 
respect resemble the heads of many generalized insects. Some of the 
primary sutures, sclerites, and invaginations of the head of such an 
insect are present in a number of the Nematocera and in a few of the 
Brachyccra. The hypothetical head-capsule has been constructed from 
these forms. The heads of the Aealyptratae and the Calyptratae are 
highly specialized by the modification, union, reduction, and membra- 
nous development of parts, consequently very few if any primary char- 
acters remain which can be homologized with these structures. The 
membranous development of areas has been tbe most important process 
of specialization. The stippled areas on the figures show the extent 
of the membrane. The various parts of the head-capsulc are discussed 
individually and in the order in which they were described for the 
hypothetical type. The heads of Diptera naturally fall irito two groups 
according to the presence or absence of a frontal suture (fr.s) and a 
ptilinum (pt). The forms without a frontal suture are the more gen- 
eralized. 

Kpicraniiil Suture. — The epicranial suture of all insects originates 
in the embryo. The stem of the suture on the dorso-meson represents 
the line along which the paired parts of the head meet, while the arms, 
of the suture {a. e. s) represent the place of contact between the paired 
sclerites of the head and the mesal unpaired selerites. The epicranial 
suture (e. s) of a hypothetical dipterous head corresponds to the above 
description, and is homologous with the epicranial suture found 
in the heads of generalized immature and adult insects of the more com- 
mon orders. The following examples illustrate the homology between 
the hypothetical type and other insects. The epicranial suture in the 
larva of Corydalis, and in the generalized larvae of the Coleoptera, Lepi- 
doptera, and certain Ilymeiioptera, is complete, and its two arms join 
with the margins of the clypeus, as in the hypothetical type. 

The epicranial suture of the adults of the Orthoptera, Hemiptera,. 
and Hymenoptera also resembles this suture in the hypothetical head, 
providing the following interpretation of this suture is accepted. In 
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the adults of Gryllus and Penplaneta it is complete and similar to that 
of Corydalis except that a small portion of each arm is wanting about 
the antennae and the lateral ocelli. The ventral ends of the arms are 
commonly called the fronto-genal sutures, and they join witli the elvpeus 
as m Corydahs. All insects that liave a sucking type of mouth; such 
as the Hemiptera and Ilymenoptera, usually show uo signs of the stern 
of the epieranial suture. Tlie arms, however, are distinct and form the 
lateral and dorsal boundaries of the large mesal piece commonly called 
the clypeus A large number of the Diptera possess an epicrania'l suture 
which closely resembles that of the Hemiptera and the Ilymenoptera. 
On the basis of the above interpretation of tlie epicranial sntnre it has 
been possible to liomologize the sutures and sclerites, and the invao-im,- 
tioiis of the tentorium on the ceplialie aspect, No other interpretation 
gave satisfactory results. 


The epicranial suture (e.s) in Mycetopliila (Fig. 11) is complete 
and closely resembles tlie hypothetical type, hi Lcia it closely reseiri- 
bles that of Mycetophila except for the stem of the suture, which is 
wanting dorsad of the median ocellus. The stem of the epicranial suture 
in Psorophora (Fig, 10 and 26) and Chironomus (Fig. 12) is repre- 
sented by a distinct suture in a deep fold on the meson. Otlier forms, 
such as Uhabdophaga (Fig. 6), Mycetobia (Fig. 7), and Tabanus (Fig! 
20), show depressions or thickenings along the meson. These marks 
may have no significance. Outside of the abovc-mentiom'd forms, the 
stem of the epieranial suture is wanting. 

The arms of the epicranial suture (a. e.s) are present in many 
Diptera. This is the case in all but a few of tlie Nematoccra, in a ma- 
jority of the Brachycera, and in many of the families of the Cyclorrha- 
pha. These resemble, tlierefore, the adults of tlie Hemif)t('ra and Jly- 
menoptera. The arms are present as definite sutures between two 
ehitinized areas in Tabanus (Fig, 20 and 21) and T^eptis (Fig. 36), 
and in the female of Simulium (Fig. 2). The epicranial suture is ap- 
parently wanting in the male of Simulium (Fig. 3) unless the latiTal 
margins of the convex area represent it. In many genera the epicranial 
suture is represented by the edge of a ehitinized sclerite. This is the 
ease in Chironomus (Fig. 12), Trichocera (Fig. IG), Psorophora (Fig. 
10), Mycetobia (Fig. 7), and Dixa (Fig. 19), The vertex in the genera 
just named is membranous between the antennal fossae and the epicra- 
nial suture. Sciara (Fig. 17), Rhabdophaga (Fig. 6), Bibioeephabi (Fig. 

4 and 5), and possibly Rhyphus "(Fig. 9) and Bibio (Fig. 14), have 
the arms of the epieranial suture represented by the chitinizf^d margin 
of the vertex, which is adjacent to the membranous portion of the 
fronto-clypeus. The location of the invaginations of the arms of the 
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tentorium usually helps to determine the location of the epicranial su- 
ture. In Ptychoptera (Fig. 15) the invaginations of the anterior arms 
of the tentorium are located in the distinct V-shaped depression on the 
chitinized area ventrad of the antennae. Undoubtedly this depression 
marks the position of the epicranial suture. Tipula (Fig. 18) has a 
very specialized head and shows no epicranial suture or tentorium. 

Only the arms of the epicranial sutures are present in the Brachyc- 
era. 0:i the whole these sutures are not as well developed in the 
Braehycera as in the Nematocera. When present (a. e. s) they are long 
and slit-like in all the genera except Tabanus. This condition is due 
to the fusion of the invaginations of the dorsal arms and the anterior 
arms of the tentorium along each suture. The arms of this suture in 
Tabanus (Fig. 20 and 21) unite the invaginations on each lateral half 
of tlic head, hut they are not decidedly slit-like. 

The arms of the epicranial suture (a. e. s) in Tabanms (Fig. 20) 
have the usual ijiverted-u shape and their ventral ends terminate at the 
ventral margin of the head. The arms are indistinct ventrad of the 
invaginations of the anterior arms of the tentorium. The invaginations 
(i. a) in Froinachus (Fig. 22) are slit-like and situated near the ventro- 
lateral angles of the compound eyes. The epicranial suture is wanting 
dorsad and ventrad of the invaginations of the anterior arms, and in 
this respect Promachus differs from Leptis and Tabanus. Prom Leptis 
(Pig. 35) it is possible to homologize the arms of the epicranial suture 
of all the Braehycera and those of the Cyclorrhapha, The arms of the 
suture in Leptis arc long and slit-like and coincide with the invagina- 
tions of the tentorium on the cephalic aspect of the head. They extend 
dorsad from the ventral margin of the head to a point ventrad of the 
antennae, where they unite and enclose a convex raesal area called the 
fronto-elypeus (fr. c). This suture (a. e. s) in Platypeza (Pig, 32) 
closely resembles that of Leptis. The dorsal ends of the arms of the 
epicranial suture are wanting in Psilocephala (Fig. 36), Mydas (Pig. 
30), Exoprosopa (Pig. 29), Eristalis (Pig. 23 and 25), and Scenopinus 
(Pig. 41 and 42), and in other forms. Scenopinus shows a striking 
variation in that the vertex is membranous between the antennae and 
the fronto-elypeus, and no epicranial suture can be traced thru the 
membrane. Stratiomyia (Fig. 27) shows a unique development of the 
slits in that they extend mesad rather than dorsad. This condition is 
undoubtedly a secondary development. The epicranial suture of Lon- 
choptera, Aphiocliaeta, Pipuneulus, and Empis is discussed under fronto- 
elypeus. 

No epicranial suture or slit-like invaginations are present in any 
dipteron that has a frontal suture (fr. s) or a ptilinum (pt). Since 



187] 


HEAD OF DIPTERA— PETERSON 


17 


the tentorium on the cephalic aspect and the arms of the epicranial 
suture are usually closely associated in insects, there is every reason to 
believe that the tentorial thickenings (t. th) mark the course of the 
suture (a.e.s). Furthermore, the location of tlie thickenings of the 
tentorium is very similar to the location of the slit-like invaginations 
of Leptis (Fig. 35). These thickenings (t. th) have been considered as 
marking the course of the arms of the epicranial suture. The extent 
of the tentorial thickenings varies considerably, as shown in the figures. 
In Tetanocera (Fig. 55), Cliloropisca (Fig. 51), Heteroneura (Fig. 49), 
and others, the tentorial thickenings extend to the antennal fossae (a. f). 
No sutures are present between the dorsal ends of these thickenings. 

Fronfo-clypeus . — The front (fr) and clypeus (c) of all insects are 
uni)aired sclerites located between the arms of the epicranial suture 
(a.e.s). The labrum (1) is also an unpaired scleritc attached typically 
to the ventral margin of the clypeus. These tliree sclerites and their 
parts are not always distinguishable. This is particularly true of the 
front and clypeus in Diptera. The dotted, transverse line uniting the 
invaginations of the anterior arms of the tentorium (i. a) in the hypo- 
thetical head indicates the position of the frouto-clypeal suture. In a 
few of the Orthorrhapha, suture-like marks, depressions, or thickenings 
extend across the ehitinized portion of the froiito-clypcus. These marks 
in Chironomus (Fig. 12), Mycetophila (Fig. 11), and Kliabdophaga 
(Fig. 6) resemble the fronto-clypeal suture as indicated in the hypo- 
thetical type. It is possible that they are remnants of this suture. 
Excepting in the forms named, one can not be sure of the presence of 
a fronto-clypeal suture ; consequently the entire area between the labrum 
and the arms of the epicranial suture has been designated as the fronto- 
clypeus (fr.c). The absence of the fronto-clypeal suture in Diptera 
is not unusual, since it is wanting in many generalized insects, h or 
those who may wish to divide the froiito-clypeus into two areas, the 
dorsal half would he the front and the ventral half the clypeus. A 
large portion of the fronto-clypeus is membranous in Rhabdopbaga (Fig. 
6), Rhyphus (Fig. 9), and Sciara (Fig. 17), and the ehitinized part 
is greatly reduced. The variations found in the Nematoeera are rep- 
resented in the figures. 

The Brachycera show two lines of development in the modification 
of the area enclosed by the arms of the epicranial suture. Both of these 
started from a form which possessed an epicranial suture similar to that 
of Leptis (Fig. 35). The line of development seen in Psiloccphala, 
Platypeza, Scenopinus, Lonchoptera, and Aphiochaeta is considered first 
The ehitinized fronto-elypeus of Leptis resembles the fronto-clypeus of 
a number of the Nematoeera, as Sciara (Fig. 17). From this simple 



18 


ILLINOIS BIOLOGICAL MONOGRAPHS 


[188 


condition it is possible to develop the type of fronto-clypeus found in 
Psiloeepliala (Fig. 33 and 36). This came about by a membranous 
development on the meson and on the lateral margins of the fronto- 
clypeus and the loss of the arms of the epicranial suture directly ven- 
trad of the antennae. The membranous development of the fronto- 
clypeus of Platypeza (Fig. 32) resembles that of Psilocephala. Sceiio- 
pinus (Fig. 41 and 42) belongs to this same line, but in this genus the 
antennae are adjacent to the fronto-clypeus and no portion of the 
chitinized vertex exists between them. The form of the chitinized 
portion of the fronto-clypeus resembles closely that of Platypeza (Fig. 
32). Apbiochaeta (Fig. 31) and Lonchoptera (Fig. 37) apparently 
belong to this same series. If such is the case, the arms of the epicranial 
suture do not ])roject dorsad but are represented by the nearly straight 
ventral margin of the cephalic aspect. _ This condition must have come 
about by the straightening out of the usual u-shaped depression, and 
the chitinized part of the fronto-clypeus is located ventrad of the mar- 
gin of the head. The tentorial thickenijigs along the ventral margin 
of the head in Lonchoptera afford evidence favorable to the above inter- 
pretation. A similar type of development occurs in Bibio (Fig. 14), 
in ^vhich the invaginations for the anterior arms of the tentorium are 
located on the ventral margin of the head-capsule latero-ventrad of 
the antennal fossae. All the other Brachycera and Cyclorrhapha figured, 
.sliow the presence of sclerites designated as the torrnae and located 
ventrad of the fronto-clypeus, and this fact places them in the line of 
specialization which leads toward a museid type. 

The fronto-clypeus (fr. c) is present in all Diptera and constitutes 
a prominent portion of the head-capsule. In 'rabaniis (Fig. 20 and 
21) the fronto-clypeus is the entire area ventrad of the epicranial suture 
and outside of the torrnae and the lahrum. The ^sutures separating the 
fronto-clypeus from the genae (ge) are very indistinct. No arms of 
the opieranial suture are present in Proraaehus (Fig. 22), Empis (Fig. 
40), and Pipiincnhis (Fig. 38) ; consequently the dorsal extent of the 
fronto-clypeus can not be determined, and the area ventrad of the 
antennae is considered as the fronto-clypeus. The fronto-clypeus of 
Jlydas (Fig. 30) resembles that of Leptis, and from a type similar to 
Mydas it is possible to develop the fronto-clypeus of Exoprosopa (Pig. 
29), Eristalis (Pig. 25), and probably Stratiomyia (Fig. 27). The 
fronto-clypeus of Mydas closely resembles that of the Aealyptratae and 
file Calyptratae, as will be seen by comparing Mydas with Tetanocera 
(Fig. 55), Chloropisca (Fig. 51), Clhyromya (Pig. 50), and Musca (Fig. 
72). It is not a completely chitinized area in all of the genera studied, 
and the significance of this mesal membranous area in Sepsis, Oecothca, 
and Calobata has been suggested in the discussion on the ptilinum. 
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Torniae.—The torniae (to) in generalized insects arc chitinized 
pieces which belong to the lateral portions of the epipharynx in the 
region of the clypeo-labral suture and connect with tlie clypciis or la- 
brum at the lateral ends of the suture. Tliese are well illustrated in such 
Orthoptera as Periplaneta (Fig. 514), Melanoplus (Fig. 515), and 
Gryllus (Fig. 516). 

The tormae of generalized Diptera also eoniieet witli the inn(T sur- 
face of the ventral portion of the fronto-elypeus. Tliey are not well- 
developed structures or readily distinguishable fi’oni the fronto-ely])eus 
in a number of species of the Nematocera. Tliis seems to be due to tlu* 
decidedly convex nature of the fronto-elypeus and the close proximity 
of its lateral portions to the lateral margins of the epipharynx. The 
tormae of Leptis (Fig. 520), Psilocephala (Fig. 86 and 533), Seenopi- 
nus (Fig. 41 and 538), Aphioehacta (Fig. 31 and 544) Lonehoptera 
(Fig. 37 and 539), and Platypeza (Fig. 32 and 543) connect with the 
fronto-elypeus and thus resemble the Nematocera and the liypotludical 
type. In Tabanus, the tormae (Fig. 494) res(‘m])le the above genera in 
their connection with the fronto-elypeus, but tlujy liave b(‘cn <ui]arg<‘d 
ventrad until they are exposed between the clyp(“us ami the la])runi 
(Fig. 20 and 494). The exposed portions of the tormae resemble two 
small, triangular sclcritcs with their pointed ends meeting on tlu; meson. 
This condition is not unusual since they resemble closely the cx])osed 
portions of the tormae located at the lateral ends of the elypeo-lal)ral 
suture in Gryllus (Fig. 516). Simulium (Fig. 2 and 489) also shows 
exposed portions of the tormae at the ventro-lateral angles of tin* fronto- 
elypeus (fr. e). 

The inverted chitinized V-shaped piece ventrad of the fronto- 
elypeus in Mydas (Fig. 30) has undoubtedly been derived from the fusion 
of the tormae of some form resembling Tabanus (Fig. 20), Tin; tor- 
mac are adjacent to the fronto-elypeus in Mydas, but th(‘y an; not con- 
nected with the same as in Tabanus. From the type of tormae foil ml 
in Mydas it is possible to develop the tormae of all other g(‘n(*ra. The 
tormae vary in shape and position as seen in the cephalic views of the 
head. In Exoprosopa (Fig. 29), Eristalis (Fig. 25), and Stratiomyia 
(Fig. 27) they show a striking development ire that they are located 
within deep emarginations of the ventral margin of tlu; fronto-elypeus. 
The tormae of Empis (Fig, 40) closely rt'semhle those of Mydas and 
belong to the same line of development. In Pipunculus (Fig. 38) tlu* 
tormae resemble the fronto-elypeus of Sciara (Fig. 17), but as a matt(;r 
of fact the fronto-elypeus is the area ventrad of the antennae, as shown 
by the location (Fig. 151) of the dorsal arms of the tentorium (d. a). 
The tormae of the Acalyptratae are usually crescent-shape, while in the 
Oalyptratae they resemble the type found in Mydas. 
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Ptilinum . — A deep, inverted U-shaped groove is present in the 
heads of all the Calyptratae and the Acalyptratae dorsad of the anten- 
nae. This groove is called the frontal suture (fr, s) and marks the line 
of invagination of the large membranous pouch, the ptilinum (pt). In 
Sphyracephala (Fig. 52) the frontal suture is V-shaped, owing to the 
peculiar development of the head. The extent of the invagination of 
the ptilinum (pt) is indicated by a dot-and-dash line in the drawings 
of the cephalic and lateral views of the he ad -capsule. 

The origin of the ptilinum has been a mystery to morphologists. 
After a careful examination of the heads of the Brachycera and the 
Cyclorrhapha, no definite data were found which would throw any light 
on its origin. A few forms, however, suggested a possible way in which 
it might have been developed. The frontal suture and the ptilinum 
are comparatively small in Tctanoccra (Pig. 55), Sapromyza (Fig. 60), 
Conops (Fig. 67), Ochthera (Fig, 56), and Chloropisca (Fig. 51). 
These genera gave no clue to the early stages of its development unless 
the thinly chitinized condition of the fronto-clypeus of Chloropisca has 
some significance. It seems evident that the frontal suture was once a 
membranous area which became invaginated to form a membranous 
pouch or ptilinum. If this is the case, the mesal membranous area of 
the fronto-clypeus of Sepsis (Fig. 46), Oecothea (Fig. 48), Calobata 
(Fig. 44), and Desraometopa (Fig. 47) would be very significant. The 
ptilinum might possibly have originated from some form similar to 
Scenopinus (Fig. 41), in which the ventral margin of the chitinized 
vertex is located dorsad and laterad of the antennae. It seems quite 
possible that the membrane along this margin became invaginated in 
the early stages of the development of the ptilinum. The above con- 
.ieetures may or may not be correct. A real solution of the problem will 
undoubtedly require a careful study of the pupal development. 

Labnm . — The labrum (1) of a hypothetical dipterous head (Fig. 
1, 140, and 493) is a distinct, chitinized, tongue-like structure connected 
with tile ventral margin of the clypeus. The shape and size of the 
labrum are identical with the shape and size of the epipharynx, which 
is located on its caudal aspect. The labrum (1) and epipharynx (ep) 
are joined together by a membrane along their lateral margins. These 
two structures thus act as one organ and they have rightly been called 
the labrum-epipharynx (hep). The above relation of the labrum to 
the epipharynx and the fronto-clypeus resembles that in the Orthoptera. 

In a general way the labrum of all the genera studied resembles the 
hypothetical type described above. It varies, however, in shape and 
in degree of chitinization. In Promachus (Fig. 22), in Psorophora (Fig. 
10 and 26), and in the female of Tabanns (Fig. 20) it is completely' 
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chitinized and separated from tlie fronto-clypeus by a suture. In all 
other genera there is a distinct membranous area present between tlie 
fronto-clypeus and the labrum. This area is very extensive in the 
Cyclorrhapha and includes the octal exposure of the tormae. The la- 
brum of a fe^v scattered genera, such as Rliabdophaga (Pig, G), Myceto- 
bia (Fig. 7), Chironomus (Pig. 12), Scenopinus (Pig. 41), and others, 
is completely membranous, while in still others it is nearly so, as in 
Mydas (Pig. 30). The figures of the cephalic aspect of tlie head and 
the lateral views of the epipharynx and th(>. hypopharynx show the 
shape and extent of the chitinization of the labrum. 

The labrum of Dixa (Pig. 501), Triehocera (Pig. 499), Sciara 
(Fig. 513), Bibio (Fig. 523), Simulium (Fig. 497), Culicoidcs (Fig. 
521), Tabanus (Pig. 20), and Dolichopus (Pig. 528) is distinctly sepa- 
rated from the epipharynx (ep) by a membrane. Tliis condition is 
best seen in a lateral view. A majority of tlie forms studied have little 
or no membrane between the labrum and epipharynx. This is particu- 
larly true of the Cyclorrhapha. The surface of the labrum of all Dip- 
tera is more or less convex. In a large number of tin* genera the con- 
vexity is very decided and of such a nature as to surround the cephalic 
and lateral aspects of the epipharynx. Tlie epipharynx in these forms 
can only be seen in a caudal view. In tlie Calyptratae, the labrum and 
epipharynx are firmly united in one piece. 

The labrum of Simulium (Fig. 2 and 489) is unique in that the 
chitinized part consists of a narrow mesal piece wliich bifurcates at its 
distal end. These bifurcations give rise to special small hook-like struc- 
tures (h) which have been incorrectly interpreted as mandibles (Smith, 
1890). The labrum and epipharynx of Psorophora (Fig. 504) fit to- 
gether very closely. By careful dissection they may be separated, as 
seen in the drawing. So far as observed, no membrane is present be- 
tween them. The proximal end of the labrum is erookdike in form, 
and muscles connect with this portion. 

Vertex— ThQ vertex (v) of a hypothetical head (Fig. 1) consists 
of the paired continuous areas on the cephalic aspect of the epicraniiim. 
It is interpreted as including all the cephalic and dor, sal aspects of the 
epicranium except the front. In a number of the Diptera, as heretofore 
described, the stem of the epicranial suture (s. e. s) is present and marks 
the line of fusion of the two halves of the vertex, upon which the ocelli 
and the antennae are located. The shape an{I size of the chitinized 
portion of the vertex is largely determined by the size of the compound 
eyes, the location and extent of the membranous area about the base 
of the antennae, and the location of the arms of the epicranial suture. 
The variations in the size and shape of the vertex are shown in the figures 
of the cephalic aspect of the head. 
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The region of the vertex veutrad and raesad of each compound 
eye is a gena. The size of the geiiae (ge) is dependent upon the location 
of the compound eyes and the ventral extension of the head-capsule. 
The figures show considerable variation in these respects. 

Compound Eyes and Oc<3Wi— The compound eyes (c. e) of a hypo- 
thetical head are large oval structures located on the cephalo-lateral 
aspects of the head-capsule. They cover from one-half to two-thirds 
of the entire cephalic aspect and their caudal margins are adjacent to 
the lateral margins of the head. The compound eyes of a majority of 
the Diptera resemble in general the hypothetical type. The shape and 
size vary considerably with the different species. Variations are most 
prevalent in the families of the Orthorrhapha. This variability agrees 
with the decided variability of other parts. In such genera as Tipula 
(Fig. 95), Psorophora (Fig. 96), and Limnobia (Fig. 93) the compound 
eyes are exceptional in that they extend onto the caudal aspect of the 
head. The variations in shape are well illustrated by the numerous 
figures. 

The compound eyes show secondary characters in a greater number 
of .species than any other fixed or movable part. This sexual variation 
is most jme valent ainoug the Nematocera and the Braehycera, and was 
not observed in the Acalyptratae. Among the (lalyptratae, alight 
differences occur in Musca (Fig. 71 and 72) and Hydrotaea (Fig, 69 
and 70). When sexual variation occurs, the eyes of the male are larger 
than those of the female, and tl)ey are usually adjacent along a portion 
of their mesal margins. Such species are said to be holoptic; while all 
the females, and some of the males, having the eyes distinctly separated, 
are dichoptie. The extent of the holoptic condition depends upon the 
size of the eyes and the location of the antennal fossae, as in Simulium 
(Fig. 2 and 3) and Bibio (Fig, 13 and 14). In the male of Bibio the 
comjmuud eyes are adjacent along their mesal margin and the antennal 
fossae (a. f) are located veutrad of the eyes. The extent and nature 
of the sexual variation is shown in the figures. Except in the case of 
Empis the heads of the male and female have both been drawn when 
decided differences are present. 

The facets or ommatidia of the compound eyes vary in number, 
form, and size thruout the order. Tn the Nematocera they are usually 
large and not as closely compacted as in the Cyclorrhapha. An inter- 
e.sting variation occurs in the male of Simulium, the facets (fa) of the 
ventral half of the eye being smaller than tliose of the dorsal half. This 
difference is also found in the female of Bibiocephala (Fig. 5). In the^ 
male of Bibio (Fig. 154) the facets (fa) in the ventro-caudal portions 
of the eyes are smaller than the otliers. The compound eyes of Bibio- 
cephala and Blepharocera are divided into a dorsal and a ventral por- 
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tion by a transverse constriction (ch), where the oinmatidia are waiitinf?. 
This constriction is also present in Bibio, but in this form it is confined 
to the caudo-ventral portion of the eye. 

The drawings of the lateral aspects of some heads show a line of 
dashes or a solid line around the margins of the compound eyes. This 
line indicates the extent of the infolding of the head-capsule adjacent 
to the compound eye. This infolding, or ocular selerite (o. s), is figured 
only for those species in which it is closely related to tlie external mark- 
ings found on the caudal aspect dorsad of the occipital foramen. The 
influence of this invaginatod edge will be mor(‘ fully discussed lat('r. 

The three ocelli (oc) of the hypothetical head-capsule (Fig. 1) are 
arranged in the form of a triangle and located on the eephalo-dorsal 
aspect of the vertex. The median ocellus is in tlie epicranial suture, 
somewhat ventrad of the lateral ocelli. Tn Tjcia it is in this suture 
somewhat dorsad of the bifurcation, and tlie other two ocelli are some- 
what laterad of it. This location of the ocelli in the Diptera agrees 
with Comstock’s idea concerning the caudal migration of tlie ocelli in 
specialized insects. In generalized insects all tliree ocelli may be on the 
front or two on the vertex while the median oecdliis is on the front. 
The ocelli in the Hymenoptera and Heiniptera an* similar in location to 
those of the Diptera. 

Lcia is the only form studied which has ocelli and a W('ll-marked 
stem of the epicranial suture. The chitinized, S(*eondary, V-shaped 
thickenings on the ocellar triangle of Ehyphus (Fig. 9) and l\Iycetobia 
(Fig. 7) should not be confused with the epicranial suturt*. Thrf*e ocelli 
are present in all other genera of Diptera examimHl except Oneodi'S (Fig. 
53) and Myeetophila, in which there are only two. Tin* median ocrilus 
is wanting in Myeetophila, while the lateral ocrdli are small irieons])ieuous 
bodies, adjacent to the dorso-mesal margin of the compound eyes (not 
shown in the figure). The figures show such variations as occur in the 
various ocellar groups. 

Occiput and Postgenae . — No sutures occur on the caudal aspect of 
the hypothetical head-capsule (Fig. 73) except the epicranial suture 
(e. s). This absence of sutures makes it impossible to locate definitely 
the boundaries of the occiput and the postgenae. The following in- 
terpretation is based upon a study of the occiput and postgenae of 
generalized insects, such as the Orthoptera. The occiput (;ompris<‘H all 
the area dorsad of an imaginary transverse line drawn thru the middle 
of the centrally located occipital foramen. The areas ventrarl of this 
line and laterad of the mesal membranous areas are tin* postgenae. The 
occiput (occ) undergoes a secondary development about the margin of 
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the occipital foramen. The structures pertaining to this modification 
have been designated as the parocciput (pocc), Each postgena (po) 
is also secondarily differentiated along its mesal margin by a chitinized 
thickening wliich extends between the occipital foramen and the invagi- 
nations of the posterior arms of the tentorium. This thickening has 
been designated as the parapostgenal thickening, while the area mesad 
of it is the parapostgena (ppo). The two mesal projections of the 
parocciput on the lateral margin of the occipital foramen serve as points 
for the articulation of neck sclerites and mark the ventral boundary of 
the occiput, 

Tlie occipital foramen (o. f ) is centrally situated in all but a few 
genera, such as Tipula (Fig. 95), Limnobia (Fig. 93), Psorophora (Fig. 
9G), and Bibio (Fig. 92), in which it is near the dorsal margin. The 
size of the occipital foramen is more or less constant thruout the order, 
but in Psychoda (Fig. 82) and Promachus (Fig. 84) it is comparatively 
mueli larger than in Pipunculus (Fig. 106) and Exoprosopa (Fig. 98). 
The shape of the occipital foramen varies somewhat, but usually it is 
in the form of a figure eight. The constrictions in the lateral margins 
are generally due to the mesal projections of the parocciput, which 
vary to some extent in their situation. The projections in Exoprosopa 
(Pig. 98), Pipunculus (Fig. 106), and Mydas (Fig. 99) meet on the 
meson and completely divide the occipital foramen into two openings. 
The neck sclerites (n. s) always articulate with these mesal projections 
and are represented in a number of the figures. 

The occiput (oec) of all genera figured resembles in general the 
occiput of the hypothetical head, since no sutures separate the vertex, 
the occiput, and the postgenae. The position of the occipital foramen 
and the contour of the caudal surface determine the amount of variation 
in the occiput as well as in the postgenae. In some genera, Empis (Fig. 
164) and Bibiocephala (Fig. 156), the caudal aspect is convex j while 
ill others, Exoprosopa (Fig. 98) and Pipunculus (Fig. 106), it is de- 
cidedly concave. Suture-like markings or depressions are present near 
the dorsal margin of the caudal aspect in the heads of Tabanus (Fig. 
74), Stratiomyia (Fig. 104), Bibio (Fig. 91), Bibiocephala (Fig. 83), 
Leptis (Fig. 103), Psilocepliala (Fig. 100), and others. These depres- 
sions mark the place of contact of the mesal portions of the ocular 
sclerites with the head-capsule, and are in no way homologous with the 
sutures about the occiput in generalized insects. 

The area about the dorsal and lateral margin of the occipital fora- 
men, the parocciput (pocc), is more or less differentiated from the re- 
mainder of the occiput in all the species studied. In the more generalized 
forms, Bibiocephala (Fig. 83), Trichocera (Fig. 78), Tipula (Fig. 95),. 
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Sciara (Fig. 81), and Bittacoinorplia (Fig. 85), it is only a thickened 
edge ; but in a large number of species tliruout the order it is «a clearly 
defined piece, set off from the occiput proper by a secondary suture. 
The indefiniteness of this piece in a large number of the generalized 
Diptera and the want of an homologous part in generalized insects 
support the view that it is only a secondary modification of the occiput. 

The parocciput (pocc), in most genera, occurs as a narrow piece 
about the dorsal and lateral margin of the occipital foramen, and its 
ventral ends project mesad. In the heads of the (vvclorrliaplia tliree 
secondarily developed, chitinized tliickenings (th) arise from the ental 
surface of the parocciput; two of these project dorso-laterad from tln^ 
lateral portions of the parocciput, and the third is on the meson. These 
thickenings are also present in some of the Braeiiycera, sucli as Dolielio- 
pus (Fig. 112). Their greatest development is found in Eristalis (Fig. 
113), where two dorso-lateral thickenings (tli) extend to the caudal 
margins of the compound eyes and a third thickening, on the meson, 
bifurcates a short distance dorsad of the occipital foramen, the two arms 
connecting with the dorso-mesal angles of the coin]»oiind (‘vcs. In the 
genera figured, the dorso-lateral thickenings are, on the whole, better 
developed than the thickening on the meson. In Thclaira (Fig. 128) 
and Miisca (Fig. 133) the dorso-lateral thickenings project dorsad to 
the margin of the head. The area included between them is callcil by 
several writers the epicephalon, or the occiput; and tho it is entirely 
different in origin from similarly situated areas in Tahanus (Fig. 74) 
and other genera, the same name is applied in the different cases. Tliesc 
names and others used by systematists have no morphological signifi- 
cance for they can not he homologized with the primary selerites of a 
generalized insect. 

The postgenae (po) of the hypothetical dipterous head have been 
carefully compared with those of the heads of such generalized insects 
as the Orthoptera. The mesal membranous area between the postgenae 
is homologous with the membrane of the neck and with the membrane 
surrounding the proximal ends of the maxillae and the labium. There 
are no sutures or selerites along the mesal portions of the postgenae in 
such generalized insects as the Orthoptera; consequently the parapost- 
genae (ppo) described above can not be homologous with any primary 
selerite. In Diptera the parapostgenae are undoubtedly special modi- 
fications of the postgenae. 

The postgenae and the parapostgenae of a majority of the Nematoc- 
era resemble those of the hypothetical head. In Chironomiis (Fig. 
88) and Trichocera (Fig. 78) the parapostgenal thickenings are want- 
ing. The invaginations for the posterior arms of the tentorium in 
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Siniulium (Fig. 77) are adjacent to the occipital foramen, consequently 
the parapostgenae are confined to the lateral margins of the occipital 
foramen. In Tabaniis also the invaginations are adjacent to the occipi- 
tal foramen, and the postgenae are connected veutrad of the occipital 
foramen in tiie male and by a narrow strip in the female. 

The area ventrad of the occipital foramen is a continuous chitinized 
piece in all of the Cydorrhapha and the Orthorrhapha. There is only 
one probable explanation of the origin of this area. It has been derived 
from tlie fusion of the mesal margins of the postgenae. The evidence 
for til is interpretation is found in a number of the Nematocera. The 
mesal margins of the postgenae in Trichoeera (Fig. 78) and Sciara 
(Fig. 81) are curved mesad and in some cases actually join, as in the 
fenmle of Bihioeephala (Fig. 83). The peculiar elongated heads of 
Limnobia (Fig. 93), Tipula (Fig. 95), and Psorophora (Fig. 96) show 
a distinct depressed line on the meson along which the postgenae have 
joined. In a number of the genera of the Orthorrhapha and the Cy- 
elorrliapha the ventral margin of the caudal aspect is decidedly concave. 
Til is condition may be due to a former stage in the development of the 
fused postgenae. In all eases where the area ventrad of the occipital 
foratrien is chitinized, the invaginations of the posterior arms of the 
tentorium are somewhat adjacent to the occipital foramen and the 
attachments of the maxillae arc removed to or beyond the ventral mar- 
gin of the head. Sciara (Fig. 81) is a good example of an early stage 
in the development of tJie above relationship. The variations in the 
sliape and extent of the postgenae and the parapostgenae are well illus- 
trated by the figures. 

Tentorium . — There is present within the head of generalized insects 
a definite arrangeimmt of chitinized rods and plate-likc structures which 
go to support the internal organs and furnish places for the attachment 
of muscles. These rods or plates arise from three pairs of openings on 
the head kno^vn as the invaginations of the anterior arms, dorsal arms, 
and postei'ior arms of the tontoriura, The invaginations of the anterior 
arms are usually associated with the lateral margins of the clypeus, 
with one of the points of articulation of the mandibles, and frequently 
with tlic vtmtral ends of the arms of the epicranial suture. The invagi- 
nations of the dorsal arms are associated with the points of attachment 
of the antennae and near the dorsal portions of the arms of the epi- 
cranial suture. The invaginations of the posterior arms are associated 
with the occipital foramen and the points of attachment of the maxillae. 
The tliree pairs of arms unite within the head; the small dorsal arms 
unite with the larger anterior arms, and these, in turn, join with the 
posterior arms, which are confined to the caudal portion of the head- 
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capsule. The free ends of the posterior arms are fused and form the 
body of the tentorium. 

The tentorium undergoes a considerable amount of variation in 
the different orders, but so far as observed the above associations be- 
tween the invaginations and the fixed and movable parts of X\ui liead 
are always retained by the more generalized members of eaeli or<l(u\ 
This is also true for a generalized lipothctical dipterous liead. The 
tentorium (t) of such a head (Fig. 140 and 141) is considerably modi- 
fied when compared with the tentorium of a generalized insect. Two 
pairs of invaginations are present on the cephalic aspect of the head 
(Fig. 1). The dorsal, indistinct pair (i, d), just ventrad of tlie anten- 
nae, are homologous with the invaginations of tlie dorsal arms of the 
tentorium, while the prominent pair (i. a) of invaginations vimtrad of 
these and located in the arras of the epicranial sutnre (a.e. s) and 
adjacent to the lateral cuds of tlie fronto-clyp(‘al snturi' an; tin* invagi- 
nations of the anterior arms of the tentorium. One pair of invagina- 
tions (i. p) is present on the caudal aspect of the liead-ca[)siil(‘ (Fig. 
73) somewhat ventrad of the ventro-lateral margins of the oeeijiital 
foramen. These are the invaginations of tln^ posterior arms of tin; 
tentorium. Each lateral half of the tentorium is Y-shaped (Fig. 141), 
the stem of the Y arising from the invaginations on tlie caudal aspect, 
its caudal portion being a part of the jiosterior arms (p. a) of tin' tento- 
rium. The large ventral arm of the Y and the c(‘p}ialic portion of its 
stem, constitute the anterior arm (a. a), and the small dorsal arm of 
the Y is the dorsal arm (d. a) of the tentorium. These two arms con- 
nect with their respective invaginations on the eephalii'. asfa'ct. The 
body of the tentorium (b. t) is apparently represented by a small, rudi- 
mentary, raesal projection arising from the posterior arms m‘ar the 
caudal portion of the stem of the Y. 

The association between the movable appendages and tlie invagi- 
nations of the tentorium is discussed iindm- the rcspeetiv(^ appendages. 
From this point, the tentorial structures as they occur in tlie various 
genera are compared with the hypotheti(ial type and the line of speciali- 
zation noted. The forms without a ptilimnii are Oonsidered first. The 
parts of the free tentorium, not completely fused with the head-capsule, 
are indicated in the figures by dotted lines. 

The tentorium of Tabanus (Fig. 142 and J48) is generalized and 
closely resembles the hypothetical type; consequently it furnishes a 
good starting point for a disemssion. Two pairs of invaginations are 
present on the cephalic aspect (Fig. 20) ; of these the invaginations for 
the anterior arms (i. a) are the more prominent. The dorsal arras 
(i. d) arise from the head-capsule just ventro-Iaterad of the antennae 
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and connect with the arms of the epicranial suture (a. e. s). The in- 
vaginations of the anterior arms are situated near the ventral ends hf 
the arms of the epicranial suture. The invaginations on each lateral 
half of the head are joined together by the arms of the epicranial suture 
and resemble the hypothetical type. Two pairs of invaginations are also 
present on the cephalic aspect of Simulium (Fig. 2 and 3), but in this 
genus they are not as prominent as in Tabanus. They are situated on 
the vertex (v), adjacent to the compound eyes. In the female the arms 
of the epicranial suture are well defined and the invaginations are 
closely adjacent to them, while in the male the sutures are wanting. 
Tabanus and Simulium are the only forms figured which show two 
distinct pairs of invaginations on the cephalic aspect. All other genera 
have only one pair and these are of two types. They are either long 
and slit-like or they resemble small pits or darkened spots on the ectal 
surface. The long slit-like invaginations found in Leptis (Fig. 35), 
Psilocephala (Fig. 36), Platypeza (Fig. 32), Scenopinus (Fig. 41), 
Exoprosopa (Fig. 29), Stratiomyia (Fig. 27), My das (Fig. 30), Erista- 
lis (Fig. 25), and other genera have a special significance which will 
be more fully discussed later. The small, pit-like invaginations are 
present in the Nematocera and in Pipunculus (Fig. 38) and Empis 
(Fig. 40). These are situated on the chitinized area of the vertex; or 
on the fronto-elypeus, adjacent to the arms of the epicranial suture and 
usually close to the compound eyes. Their position and structure indi- 
cate that they are the invaginations of the anterior arms of the tento- 
rium. In a few of the genera of the Orthorrhapha and in some others, 
as Lonchoptera (Fig. 37), Tipula (Fig. 18), and Aphiochaeta (Fig. 
31), no invaginations are present on the cephalic aspect of the head. 

One pair of invaginations, that for the posterior arms (i. p) of 
the tentorium, is present on the caudal aspect of the heads of all genera 
examined except Oncodes (Fig. 105), Olfersia (Pig. 139), Tipula (Pig. 
95), and perhaps a few species of other genera in which it is difficult 
to be sure of their presence. These invaginations in Bibioeephala (Pig. 
83), Trichocera (Fig. 76), Dixa (Fig. 79), Rhyphus (Pig. 80), Sciara 
(Fig. 81), Psychoda (Pig. 82), Rhabdophaga (Pig. 86), Chironomus 
(Fig. 88), Bittacomorpha (Fig. 85), Mycetophila (Fig. 87), and Myce- 
tobia (Pig. 90) are decidedly ventrad of the occipital foramen and 
adjacent to the proximal ends of the maxillae. They are connected 
with the lateral margins of the occipital foramen by means of the para- 
postgenal thickenings except in Chironomus and Trichocera. The above- 
named forms closely resemble the hypothetical type. In a few genera 
of the Nematocera, such as Psorophora (Fig. 96) and Simulium (Fig. 
77), the invaginations are adjacent to the occipital foramen. This 
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position is characteristic of these invaginations in the Brachycera, and 
the figures show the details of the variations in the position of the 
invaginations on the posterior arms of the tentorium. 

Two lines of specialization appear in the tentorium of the Diptera, 
one in the reduction of the dorsal arms and the otlier in the union of the 
dorsal arms with the anterior arms. The two typos of invaginations 
described for the eephalie aspect of the head bear directly upon tliis 
problem. The most important evidence in proof of these two types of 
development is found in the structure of the arms. 

In Sciara (Pig. 150), Bibio (Fig. 153 and 154), Psoropliora (Fig. 
159), Trichocera (Fig. 158), Bibiocephala (Fig. 155), Dixa (Fig. 163), 
and others, two long narrow rods extend on each side between the 
invaginations on the caudal aspect and the invaginations on the cephalic 
aspect. These rods are composed of the posterior arms (p. a) and the 
anterior arms (a. a) of the tentorium. The dorsal arms are completely 
reduced in these forms. Other genera show comphd(4y d^'Vfdoi'ied dorsal 
arms or rudiments of the same. The dorsal arms (d.a) are distinct 
and free in Pipuneulus (Fig. 151). They arise from the anterior arms 
and project cephalad to the cephalic aspect of the liead, wlicre they 
connect with small but distinct ental projections adjacent to tlie anten- 
nae. The cephalic ends of the dorsal arms are very delicate and easily 
broken in dissecting. There are no invaginations on tlie octal .surface. 
Tn Cliironomus (Fig. 152) the tentorial arms are swollen near tlie mid- 
dle of their length, and the distinct luimps on tlie dorsal side are 
interpreted as rudiments of the dorsal arms. Promachus (Fig. 147) 
has two long, free, finger-like projections, arising from the ocular 
sclerite near the antennae, which project toward tlie tentorium proper. 
These projections are apparently dor.sal arms of the tentorium, or 
derivatives of the same that have retained tlieir connection with the 
ocular sclerite near the mesal margin of the compound eye but have lost 
their connection with the tentorium proper. A similar relationship 
exists between the dorsal arms and the ocular sclerite in Tabaniis (Fig. 
22). If the above structures in Promachus are dorsal arms, then the 
anterior arms are large (Fig. 148) and the sliMike invaginations on the 
cephalic aspect arc only the invaginations of the anterior arms of the 
tentorium. 

The tentoria of the Nematocera above described are in the ventral 
half of the head -cavity and their situation is dependent upon the posi- 
tion of the invaginations. Usually the invaginations of the anterior 
arms are ventrad of the invaginations of the posterior arms; but Bibio- 
cephala (Fig. 155) is an exception to this rule if the tentorium in this 
genus is composed of only the anterior and posterior arms — and there 
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is no evidence to the contrary. In some genera, as in Lonchoptera 
(Pig. 177), Ehabdophaga (Pig. 170], and Empis (Fig. 164), the tento- 
ria are not free rods extending thru the head cavity, but are completely 
united with the ventral margin of the head, or nearly so. The tentorium 
of Aphioehaeta (Fig. 174) is reduced to two small cntal projections 
adjacent to the occipital foramen, while in Tipula (Fig. 178) the teii- 
toriiirn is apparently wanting. 

In a majority of the Brachyeera the tentorial arms are specialized 
by fusion, and Tabanus (Pig. 143) illustrates an early stage in this 
development. The principal difference between the tentorium of Taba- 
mis and the hypothetical type is the presence of a thin ehitiuized plate 
in tlie V-shaped opening between the anterior and dorsal arms. Simn- 
liiim (Pig. 144), of the Ncmatocera, has a similar plate, and these two 
genera clearly demonstrate the; first stage iii the fusion of these two 
arms. The cephalic end of the tentorium in Mydas (Fig. 146), Leptis 
(Pig. 145), Seenopinus (Fig. 149), and Exoprosopa (Pig. 162) is a 
broad uniformly chitinized triangular area. This condition is accounted 
for on the basis of the union of the anterior and dorsal arms. The 
invaginations on the cephalic aspect of these forms agree in all respects 
witli tliis interpretation. In Tabanus (Pig. 20) the invaginations on 
each side are joined together by the epicranial suture, while in the 
above forjns tlie invaginations are slit-like and occupy the greater part 
of the arms of the epicranial suture. The slit-like invaginations are 
easily explained if tlie anterior and dorsal arms are considered as united. 

Tlie posterior arms of the tentoria of the Nematocera and the 
Brachyeera vary in .shape, size, and location. The anterior and posterior 
arms are united within tlie head and no sliarp line can be drawn be- 
tween tliem. The body of the tentorium (b. t) is represented by small 
projections on the mesal surface of the posterior arms of most genera. 

Many interesting features occur in the modifications of the tentoria 
of this group. In Dolichopus (Pig. 43 and 168) it appears to be fused 
with tlie dorsal margin of the slit-like openings on each side between 
the mesal margin of the compound eye and the fronto-clypeus. The 
tentorium of j\lydas (Pig, 146) is large and tubular, and it is possible 
to push a good-sized needle, thru the opening on the cephalic aspect to 
the opening of the posterior arms on the caudal aspect. 

The tentoria of the genera possessing a ptilinum differ principally 
from tlie foregoing in the degree of fusion with the head-capsule. In 
most genera of this group the tentorium is completely united with the 
head, but in a number of the Acalyptratae the tentorial arms arise as 
free rods from the invaginations on the caudal aspect and project to 
the latero-ventral margins of the head-capsule, with which they unite 
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and continue eephalad as tliickenings adjacent to tlic ventral margin 
of the head, as in Sapromyza (Fig. 171), Loxocera (Pig. 169), Euaresta 
(Pig. 175), Caiobata (Pig. 183), Chrysoiuyza (Fig. 181), Drosophila 
(Fig. 172), Chyrornya (Fig. 179), Ileteroneura (Fig. 176), and Teta- 
nocera (Fig. 180). In those forms where the tentorium is comphdely 
fused with the head, as in Sepsis (Fig. 184), Chloropisca (Fig. 189), 
Coelopa (Fig. 182), and Borborus (Fig. 188), it is a eontinuous thick- 
ening from the latero- ventral angle of the occipital foramen to the 
ecphalo-ventral aspect of the head-capsule. The brntorium hTwetm tlie 
invaginations for the posterior arms and the ventro-lateral margins of 
the head-capsule is apparently wanting iji i\rusca (Pig. 194), Tholaira 
(Fig. 196), Archytas (Fig. 197), and some otlier genera; in one or 
two cases it is possible to trace a faint inark which would indicate the 
line of connection. The tent or ia of some of tin* genera of tlic Acalyp- 
tratae and the Calyptratae sliow an unusual developinent of the tento- 
rial thickenings (t. th) in that they extend about th(‘ entire caudal part 
of the ventral margin of tlie head. In some cases tlicse tentorial thick- 
enings reach the occipital foramen, as in Caiobata (Fig. 114), Scatoph- 
aga (Fig. 135), Ileteroneura (Fig. 126), Lispa (Fig. 116), and Myios- 
pila (Fig. 120), while in Musca (Fig. 133), Coelopa (Fig. J2l), 
Hydrotaea (Fig. 127), and other genera, there is no .such eonMe<‘tinn. 

The invaginations of the posterior arms of the tentorium of the 
Acalyptratae and the Calyptratae are situated laterad or latero-v(mtrad 
of, and adjacent to, the occipital foramen. In many of tin* species 
figured the invaginations are merely long, heavily chitiniz(‘d furrows 
extending latero-veutrad from the occipital foramen, and very often 
it is difficult to locate them definitely. 

Two mesal projections arise from the proximal portions of the 
posterior arms in a majority of the Cyclorrliajiha. In sorrii^ sjiecies 
these structures are well developed, and their rnesai ends afiparently 
join on the meson, eephalad of the oc(;ipital foramen. These structures 
are similar to those described for th(3 Brachycera and are rudiments of 
the body of the tentorium. 

No invaginations of the tentorium occur on tlie cephalic aspect in 
any of the forms which possess a ptilinum. On account of the decided 
specialization of this aspect, it is very difficult to know just what has 
happened. The tentorium is represented by thickenings wliich extend 
from the ventral to the cephalic aspect of the head- The extent of 
these thickenings varies; in some genera they continue to the anteunai 
fossae, while in others they are practically wanting. 
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MOVABLE PARTS OP THE HEAD 

In arrangement and structure the movable parts of the head of 
the generalized Diptera are homologous with the movable appendages 
of other generalized insects. In the Cyclorrhapha the parts retain their 
relative position, but structurally they undergo striking modifications 
and in some cases almost complete reduction. 

To make clear the use of a number of terms found in the following 
discussions, the mouth-parts as a whole will be considered at this point. 
The appendages of the mouth of the generalized Diptera are free, inde- 
pendent structures, with their proximal ends adjacent to the head-cap- 
sule. The cardines and stipites of the maxillae are exceptions to the 
above statement, in that they are embedded in the mesal membranous 
area of the caudal aspect of the head. The mouth-parts, the labnim- 
epipharynx, and the hypopharynx constitute in the Calyptratae a single 
complex mouth-appendage designated as the proboscis. The chitinized 
parts of the proboscis are far removed from the head-capsule, hut in 
this projcctio]! of the x>arts, the proximal ends of the chitinized ap- 
pendages are joined together and have the same relationship with each 
other as in generalized insects. 

The term proboscis is most applicable among the Cyclorrhapha to 
those whose month-parts resemble those of Musca. The proboscis is 
naturally divided into three areas by the two bends which it makes as 
it is withdrawn into the oral cavity. The parts of the proboscis have 
been given varied and confusing names. Hewitt divides it into two 
general areas — the rostrum and the proboscis proper. He says : ‘ ‘ The 
proboscis consists of two parts, a proximal membranous conical por- 
tion, the rostrum, and a distal half, the proboscis proper, which bears 
the oral lobes. The term haustellum is also used for this distal half 
(minus the oral lobes) and as a name it is probably more convenient, 
as the terra proboscis is used for the whole structure, — rostrum, haustel- 
lum and oral lobes”. 

The terms rostrum and haustellum have been used in various ways 
by numerous workers in different orders ; consequently the parts which 
they designate are by no means homologous. A more comprehensive 
set of terms based upon the word proboscis has been used by a few 
workers, who divide the proboscis into basiproboscis, mediproboscis, and 
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distiproboscis. These terms have here been adopted. The basiproboscis 
(bpr) is equivalent to the rostrum, and may be defined as the mem- 
branous, cone-shaped area between the ventral margin of the head- 
capsule and the proximal end of the theca. The tormae, labrum- 
epipharynx, hypopharynx, and maxillae are parts of the basiproboscis. 
The mediproboscis (mpr) is the median section of the proboscis and 
includes the theca and the chitinized cephalic groove of the labium. It 
is equivalent to the haustellum of most authors, The distiproboscis 
(dpr), the enlarged dilated lobes at the distal end of the proboscis, is 
composed of the paraglossae, with their pseudotracheal areas, and the 
glossae. The distiproboscis is equivalent to the oral lob(^s, or labellae. 
The movable appendages of the head are discussed in the following 
order: antennae, mandibles, maxillae, and labium. 

Antennae . — The antenna of a generalized hypothetical dipterous 
head (Fig. 199h) is maiiy-segmeiited and of a filiform type. All the 
segments are similar excepting the two large proximal ones known as 
the scape (sc) and the pedicel (pd). The scape articulates with the 
chitinized antennal sclerite (a. s) which bounds the periphery of the 
antennal fossa (a. f) that is situated on the vertex dorsad of the arms 
of the epicranial suture. The antennae of the liypotlietical type resem- 
ble the antennae of many generalized insects. 

The antennae of a majority of the Ncmatocera resemlde the hypo- 
thetical type, and on the whole resemble each other. The variations in 
shape and size can be seen in the figures. Seco]ulary sexual variation 
occurs in a few” of the Neniatocera, in Avhich tlic antennae of the male, 
illustrated by Chironomus (Fig. 207) aud Fsorophora (Fig. 211), bear 
long flexible setae while those of the female are almost bare. 

The antennae of the Brachycera show' a wide range of dcvelopiiunit, 
but in a majority of the genera figured the main liiie of specialization 
is toward the type found in Lonchoptera (Fig. 223) and Dolichopua 
(Fig. 226). One of the striking exceptions to this general line of de- 
velopment occurs in the geniculate type found in Stratiomyia (big. 
213). The antennae of t\ii) Brachycera have, as a rule, fewer segmenta 
than the Neniatocera. The scape and pedicel undergo only a slight 
change, in this group, but the flagellum (fl) is greatly modified. The 
proximal segment of the flagellum, or the third segment of the antenna, 
is enlarged, while the remaining segments are so reduced in size as to 
resemble the lash of a w'hip. The lash-like portion of the antoima is 
called the arista (ar). The following genera suggest the various stages 
thru which the antennae have passed in attaining the muscid tyjio of 
development. In Tabanus (Fig. 214), Empis (Fig. 215 ), Exoproso])a 
(Fig. 216), Promachus (Fig. 217), and Leptis (Fig. 218} the llagellum 
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is sty late, and the third segment is large and conical, ■with one or more 
segments at its distal end. The antennae of Platypeza (Fig. 222), 
Ijonchoptera (Fig. 223), Aphioehaeta (Fig. 224), Oecothea (Fig. 227), 
and Dolichopiis (Fig. 226) show an advanced stage of development in 
which tin; third segment is large and round and the remaining segments 
are lash-like and situated toward one side of the third segment. All 
but a few of the antennae of the Cyelorrhapha have apparently devel- 
oped from a type similar to the last-mentioned genera. The principal 
differences between the antennae of this group arc in the length and 
breadth of the third segment and in the modification of the arista. The 
antennae of Olfersia (Fig. 249) are of a reduced muscid type, and are 
inserted in deep cavities on the cephalic aspect of the head ; the scape 
and pedicel are greatly reduced, and the arista is merely a small pro- 
jection on the lateral aspect of the large segment. 

Antennal scleritcs (a. s) are present oidy in Cliiroiiomiis (Fig. 12 
and 206) and Psoropliora (Fig. 10 and 26). In those genera it is a 
distinct ehitinized ring about the proximal end of the scape. The extent 
and place of tlie membrane With which the antennae are connected 
vary considerably. In Trichocera (Fig. 16), Cluronomus (Fig. 12), 
Psorophora (Fig. 26), Mycetobia (Fig. 7), and some other genera it is 
very extensive. 

A general survey of the antennae of the Diptera shows that in the 
Nematocera they arc generalized and on the whole resemble each other. 
Tiui specialized antennae of the Cyelorrhapha in all but a very few 
genera are of a muscid type, and also quite similar in form. The 
antennae of the Bracliyc^ma present a few specialized types, but the 
majority of them show intermediate stages between the forms found 
in the Nematocera and those of the Cyelorrhapha. 

il/ojidibks.— Only a few of the generalized Diptera possess mandi- 
bles, They are present in tlie females of Simulium (Pig, 2 and 250), 
Tabanns (Fig. 255 and 317), Psorophora (Fig. 159 and 251), Culicoides 
(Fig. 253), Dixa (Fig. 254), and Bibioeephala (Pig. 155 and 256), but 
wanting in the males of all the species examined except Simulium (Fig. 
3 and 252). The males of Simulium johannseni and S. jenningsi have 
distinct mandihles. No other males of Simulium ■were examined. So 
far as known this is the first record of a male dipteron possessing true 
mandibles. 

The liypotlietical mandibles (Fig, 256h) of a dipteron are long, 
tliin, sword-shaped structures fitted for piercing. They thus resemble 
the mandibles (md) of Tabanns (Fig. 255) and Culicoides (Pig. 253). 
They are situated between the clypeus, labrnra-epipharynx, and max- 
illae, and are closely associated with the invaginations of the anterior 
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arms of the tentorium. Strueturally the hypothetieal mandibles do not 
resemble the biting mandibles of the Orthoi)tera, but their situation 
and their association witli the invaginations of tlie anterior arms of the 
tentorium are the same, which is far more important in determining 
their homology than any particular form they may assume. 

The mandibles vary in their structure. In Psornphora (Fig. 251) 
they are long and needle-like, while in Tabanus, Culicoides, and tlie 
male of Simulium (Fig. 252) they are sword-shaped, and in Dixa (Fig. 
254) spindle-like. The mandibles in the females of all species of Siinu- 
lium (Fig. 250) examined are a trifle longer tlian those in tlie males 
(Fig. 252) and much broader at their distal ends. The greatt^st spe- 
cialization in structure and point of attachment witli the liead oceiirs 
in the long, thin, saw-like mandibles of Bibioeepliala (Fig. 256) and 
Blepharoeera. In these forms they arc longer than the laliium, blunt 
at the end, and toothed along the mesal margin, fitting against a similar 
edge on the lateral margin of the hypopliarynx. 

All mandibles (md) of the Biptera are connected with the head- 
eapsule cephalad of the maxillae (nix) and eaudad of the labnnn- 
epipharynx (1. ep) and the fronto-clypeus (fr. c). In this respect they 
resemble the hypothetical type. In Psoropliora, Dixa, Simulium, and 
Tabanus they are associated with the invaginations of the anterior arms 
of the tentorium. The proximal ends of the mandibles of Psoropliora 
(Fig. 159) arc bent ccplialad, and articulate with the head-capsule at 
the distal ends of the crescent-shaped tentorial thickenings (t.th) which 
arise from the margins of the invaginations of tlie anterior arms of the 
tentorium. In Dixa (Fig. 254) the mandibles connect with tiu* lu'ad- 
capsule at the ventro-caudal angles of the clypeus. An indistinct thick- 
ening extends dorsad from tlie point of articulation of each of the man- 
dibles toward the invaginations of the anterior arms of the tentorium. 
The mandibles of Simulium (Fig. 250 and 252) ami Tabanus (Fig. 
317) connect with the head-capsule directly ventrad of the invagina- 
tions of the anterior arms of tlie tentorium, but no direct connection 
occurs between them. In the female of Simulium the mandibles artic- 
ulate with a hook-shaped projection of the vertex. The mandildes of 
Tabanus (Fig. 255) are bifurcate at their jiroximal end and the hiteral 
bifurcation articulates with the head. The location of the mandibles of 
Bibiocephala (Fig. 155) and Blepharoeera is generalized with respect 
to their position between the maxillae and the fronto-clypeus, but their 
point of attachment with the head-capsule is decidedly specialized. 
They unite with chitinized pillars (Fig. 83) on the caudal aspect 
ventrodaterad of the invaginations of the posterior arms of the tento- 
rium. The proximal portion of each mandible is a long chitinized strip 
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embedded in the membrane. These strips extend cephalad from their 
caudal connection to the cephalic margin of the membrane about the 
mouth-parts. At this point, where distinct tendons are attached, they 
turn abruptly ventrad and become free appendages. All connection 
between the mandibles and the invaginations of the anterior arms of 
the tentorium is lost. The relationship between the tentorium and the 
mandibles has not been observed in Culieoides for the lack of material. 
No other families of the Diptera outside of those to which the above- 
named genera belong, so far as observed, possess true mandibles or 
rudiments of the same. When mandibles are present, they are always 
of considerable size and probably functional. 

A number of investigators have described mandibles for many 
species not included in the above families. Langhoffer (1901) describes 
mandibles for the Dolichopodidae which are shown in this paper to be 
modifications of the epipharynx (Pig. 524 and 528). The apodemes 
of the muscids (Fig. 304, 308, and others) have beeii called mandibular 
tendons by MacCloskie and others. This is incorrect as shown by the 
figures and in the discussion of the maxillae. A number of workers 
(c. g,, Wesche, 1909) believe that the mandibles have united with the 
labium and exist as chitinized strips on the cephalic aspect of the 
labium or as thickenings on the meson of the theca. Neither of tliese 
interpretations can be accepted when one takes into consideration the 
relative position of these so-called mandibles and the manner of devel- 
opment of the proboscis of the Calyptratae. The chitinized thickenings 
on the cephalic aspect of the labium are located caudad of the maxillae 
and the liypopharynx. This docs not agree with the position of the 
mandibles of other insects. Furthermore, these thickenings are present 
in Tabanus where true mandibles occur. The chitinized thickenings 
on the meson of the theca in some of the Diptera can not be considered 
as rudiments of mandibles for many reasons. The most conclusive 
objection to this interpretation lies in the fact that these thickenings 
are very prominent in Simulium which has distinct mandibles in both 
sexes. 

When interpreting mouth-appendages, it is always necessary to 
take into consideration the generalized relationship between the mouth- 
parts and their association with the invaginations of the tentorium. 
It is also very desirable to observe a large series of forms before attempt- 
ing to homologize the parts. The above interpretations were apparently 
not made from either of these vantage-points. 

Maxillae ^ — All Diptera having functional mouth-parts have max- 
illae. They are, however, greatly reduced and modified in some genera, 
and at first glance bear little or no relation to the structure or location 



207 ] 


HEAD OF DIPTERA-PETERSOX 


37 


of the maxillae of generalized Diptera or other insects. Numerous 
intermediate stages of maxillary development are present in tlic various 
species; consequently it is possible, and in fact comparatively easy, to 
trace thruout the order the main line of specialization and several side 
lines. 

The hypothetical maxillae of the Diptera (Fig. 257) resemble the 
maxillae of a generalized insect in their homologous scleritcs, their posi- 
tion between the mandibles and the labium, and tbcir close association 
with the invaginations of the posterior arms of the tentorium. Struc- 
turally they are composed of small triangular cardines (ca), long 
stipites (st), five-segmented palpi (mx.pl), necdlc-like galeae (g), and 
short laciniac (la) . The cardines and stipites differ from tliose of gen- 
eralized insects in that they are embedded in tlie mesal membranous 
area ventrad of the occipital foramen. The palpi, galeae, and laciniae 
are free appendages. The proximal ends of the cardines are adjacent 
to the invaginations of the posterior arms of the tcritoriiiin. Tlie struc- 
ture and position of the various parts of the hypotlietieal type have 
been traced thruout the order. The species in wliich the ptilinum is 
wanting are considered first. 

The cardines (ca) are small distinct triangular selerites in Triehoc- 
era (Fig. 260), Rhyphus (Fig. 261), Dixa (Fig. 262), and the female 
of Tabanus (Fig. 259). In these genera they are adjacent to the invagi- 
nations of the posterior arms of the tentorium. The cardines of Simu- 
lium (Fig. 258), in both males and females, differ from those of tlie 
above genera in that they are large and occupy nearly all of the mem- 
branous area between the postgenac dorsad of tlie stipites. Their 
margins are also somewhat indistinct. No other forms figured have 
distinct selerites that are homologous with the cardines of the hypo- 
thetical type. The maxillae of Rhabdophaga (Fig. 268), Bibiocephala 
(Fig. 269), and Chironomus (Fig. 270) connect with the invaginations 
of the posterior arms by means of narrow chitinized processes which 
arise from the stipites proper. Undoubtedly^ these pieces are reduced 
cardines which have lost the suture that separates them from the 
stipites. The presence of this suture is suggested by the suture-like 
depression in the male of Bibiocephala (Fig. 76). Excepting Promachus 
(Fig. 276) and the above forms, the eardo is wanting in all the maxillae 
figured. The maxillae of Psychoda (Fig. 263) and Seiara (Fig. 267) 
closely resemble some of the above maxillae, but the cardines as chi- 
tinized pieces are apparently wanting. There is a distinct membranous 
area between the proximal ends of the stipites and the invaginations 
of the posterior arms of the tentorium. From forms such as these it is 
concluded that the cardines have been lost as chitinized areas. No 
other interpretation seems possible with the evidence at hand. 
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The stipites (st) arc of various shapes anrl sizes as can be seen in 
the figures. In Rliabdopiiaga (Pig. 268), Bibiocephala (Fig. 269), 
Chironomiis (Fig. 270), and possibly Mycetobia (Pig. 90), they have 
united to form a ehitinized strip or plate in the membranous area dorsad 
of the labium. This piece should not be confused with the submentum 
of the labium. In all species in which the postgenae have not united 
ventrad of the occipital foramen, the j)roximal ends of tlie stipites are 
near tlie invaginations of tlie posterior arms of the tentorium. In all 
species wliere the postgenae form a continuous plate, the stipites are 
reduced in size and situated at or beyond the ventral margin of the 
head, as in Mydas (Fig. 319) and Fristalis (Fig. 328). In other words, 
tlie usual association between the maxillae and the invaginations of the 
posterior arms ha.s been lost. Psilocephala (Fig. 281) and Psorophora 
(Fig. 96) are exceptions to tlm last statement. In Psilocephala chi- 
tinized thickenings (ch. tli) are present on the ental surface of the 
postgenae ventrad of the occipital foramen, and these are undoubtedly 
rudiments of the stipites. The stipites of Psorophora (Fig. 266 and 
96) are long, free rod-like structures located entad of the postgenae. 
TIrw extend between the occipital foramen and the ventral margin of 
the head. The stipites of Geranomyia (Fig. 382) and Limnobia (Fig. 
386) are also entad of the postgenae. In these genera their ])roximal 
ends are united and they hav(‘ no conneetion with the head-capsule. 
Tlie stipites of Tipula (Fig. 277) resemble those of Geranomyia and 
Limnobia, but there is greater reduction in size, and they are completely 
united along their mesal margins, thus forming a single median piece. 

The maxillae of Promaelius (Fig. 84) differ from those of all other 
genera in that the stipites and the car dines are united on the meson 
and continuous with the postgenae near the occipital foramen. Narrow 
membranous areas separate the maxillae from the postgenae near the 
ventral margin of the head. This unique modification of the maxillae 
agrees with the striking modifications in the other mouth-parts. 

The figures show the variations in other genera belonging to this 
group. Ill general it can be said that the stipites have been modified 
by reduction and by removal io the ventral margin of the head and in 
some cases are even located on the basiproboscis. 

The maxillary palpi (mx, pi) of the Nematocera figured have from 
two segments— -Geranomyia (Fig. 382) and the female of Psorophora 
(Fig. 266)— to five segments. The usual number is four or five. In 
the Brachycera only one articulating segment is present. This segment 
in Tabanus (Fig. 259) connects with an elongated portion of the stipes 
which is called the palpifer by some. In this study the ])alpifer is 
considered as wanting, since no palpus of the Diptera possesses over 
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five segments and fnrtliermore no piece is present at the base of any 
generalized palpus which can be hoinologized with the palpifer of gen- 
eralised insects. The greatest reduction in the palpns of the Neniatocera 
occurs in Geranomyia (Fig. 882), while in the Brachyeera the jialpus 
of My das (Fig. 271) is a mere lobe. 

A small finger-like structure arises from the veuti'o-mesal margin 
of each stipes and projects mesad to the caudal aspect of tlie liypo- 
pharyiix in Tabanus (Fig. 259) and Simulium (Fig. 258). Tln^se pit'ces 
are apparently homologous with the laciniac (la) of generalized insects. 
The distal ends of these projections articulate against the caudal aspect 
of the hypopharynx (Fig. 496 and 497), and in this respect they differ 
from the laciniae of generalized insects. These pieces in Tabanus liuve 
been described as laciniae by Patton and Cragg (1918). 

A distinct lobe is present mesad of the palpus in the majority of 
the Diptera that do not have a ptilinum. This structure is unquestion- 
ably the galea (g), for in specialized insects which possess a distinct 
galea the lacinia is generally reduced in size and in some eases waritifig. 
This tendency of development prevails in the Diptera. If the above 
pieces in Tabanus and Simulium which are described as laciiiiae are 
truly such, there can be no question regarding this interpretation ol 
the lobe adjacent to the palpus. The galeae vary considerably in size 
and shape. They are long and needlc-likc in Tabanus (Fig. 2;)9j, in 
the female of Psorophora (Fig. 266), and in Empis (Fig. 274), Exo- 
prosopa (Fig. 285), and Eulonchus (Fig. 284a); while in Trichocfua 
(Fig. 260), Dixa (Fig. 262), Sciara (Fig. 267), Bittaeomorplia, Clii- 
ronomus (Fig. 270), Lonehoptera (Fig. 280), Scenopinus (Fig. 282), 
and the male of Psorophora (Fig. 266) they are greatly reduced. In 
Bibio (Fig. 264) and Gcranomyia (Fig. 882) they are mere rudimemts. 
They are wanting in Rhabdophaga (Fig. 268), Tipula (big. 277), 
Helobia (Fig. 885), Aphiochaeta (Fig. 278), Pipnnculus (Fig. 279), 
Platypeza (Pig. 272), and Dolichopus (Fig. 284). 

The development of the maxillae of the genera possessing a ptilinum 
will now be considered. No cardines or laciniae arc present in this 
group. The maxillary palpi are one-segraented and arc present in all 
forms except Gonops (Fig. 305). The palpi interpreted here as maxil- 
lary palpi have been called labial palpi by some (e. g., Wesche, IJO.)). 
The stipites and galeae are present in all the species studied, and tlicy 
undergo decided morphological changes. All con miction or association 
between the maxillae and the invaginations of the posterior arras of the 
tentorium has been lost. This loss is even more pronounced than in 
the Brachyeera, since in all but a few species figured the maxillae are 
far removed from the head and situated near the distal end of t le 
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well-developed basiproboscis. This migration of the maxillae in the 
Cyelorrhapha lias not altered their generalized position between the 
labrum-epipharynx and the labium. 

The stipites of genera having a ptilinum show all stages of in- 
growth from a turned-in free edge or end (st-e), to forms in which it 
is entirely entad of the membrane of the basiproboscis, as in Musca. 
Eristalis (Fig. 286), Eulonchus (Fig. 284a), and Exoprosopa (Fig. 
285) are the only forms without a ptilinum which show an ental growth 
of tile stipites. These genera make a good starting point for explaining 
the characteristic development found in the Acalyptratae and the Calyp- 
tratae. The following scheme of lines and dots has been adopted on 
the drawings in order to show the degree of ingrowth of the stipes. A 
continuous solid line on the stipes indicates a definite ectal boundary 
which connects with the membrane of the basiproboscis. A broken line 
indicates an ental edge or end which is free of the membrane between 
it and the observer. The membrane is represented by stippling. For 
convenience of description and homology the following division of the 
stipes has been made: st represents the ectal portion of the stipes and 
st-e the ental portion ; and st is further divided into st-1 and st-2 as 
seen in Coelopa (Fig. 288). 

In Exoprosopa (Fig. 285) and Eulonchus (Fig. 2S4a) the proximal 
end of the stipes is free and entad of the membrane, while the cephalic 
edge and the dorsal end are entad in Eristalis (Fig. 286). From a form 
similar to Eristalis it is possible to develop a stipes which would resem- 
ble that of Sepsis (Fig. 287), Coelopa (Fig. 288), and Oalobata (Fig. 
296). In Sepsis the palpus is greatly reduced, but it connects with an 
octal portion of the stipes (at) which in turn gives rise to the free ental 
portion (st-e). The free ental part extends ventrad and is continuous 
with the galea, which emerges from the membrane near the base of the 
labrum as a free appendage. The stipes of Coelopa (Fig. 288), Sapro- 
myza (Fig. 289), and Sphyracephala (Fig. 293) is similar to that of 
Sepsis, but in these forms the palpus arises from the cephalic margin 
of the basiproboscis. The palpus is connected with the stipes proper 
by means of a long chitinized strip (st-1) which is usually covered with 
setae. This ectal portion of the stipes (st-1) is present in all but a few 
genera, such a.s Chloropisea (Fig. 306), Heteroneura (Fig. 298), Chyro- 
raya (Fig. 299), Loxocera (Fig. 300), and Euaresta (Fig. 292). In 
a number of forms, particularly in the Calyptratae, a small chitinized 
area is present ventrad of the palpus. This is regarded as a secondary 
ehitinization. The ectal portion of the stipes (st-2) is present in a 
majority of the Acalyptratae and in one or two of the Calyptratae. 

The ental portion of the stipes (st-e) is always present in the 
members of this group. In Desmometopa (Fig. 303), Chloropisea (Fig. 
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306), Conops (Fig. 305), and the Calyptratae it has ]io coniioetioii witli 
the ectal portion of the stipes (st-2) or the membrane, and by many 
writers is commonly called the apodeme. The frec^ so-ealled apodeme 
is unquestionably derived from the ental ingrowth of tlie stipes, as 
illustrated by the modifications found in the, fallowing genera : Coelopa 
(Fig. 288), Sapromyza (Fig. 289), Tetanoeera (Fig, 297), ^Vrchytas 
(Fig. 309), Musca (Fig. 304), and others. 

The development of the galea (g) may be traced thruout the Cy- 
clorrhapha in a manner similar to that of the stipes. In Eriatalis 
(Fig. 286) the galea is a long free appendage arising from the veiitral 
end of the stipes near the proximal end of tlie labruma'pipliarynx. Its 
length and size are greatly reduced in Sepsis (Fig. 287), but its position 
is identical with that of Eristalis. Thruout the majority of tlie A calyp- 
tratae the position of the galea resembles that of Sepsis. Its size and 
form undergo some change, as can be seen in tlie figun's. In the Calyp- 
tratae and some of the Acalyptratac the galea arliculat(‘s with tlie 
proximal end of the labrum and is more or less firmly connected with 
the same. The ectal exposure of the galea is very small in tlies(i forms. 
The large galea of the Aealyptratae has been considered as the maxillary 
palpus by Weschc (1902). This iiiter{)retation is higlily improbable. 

LaMum . — The labium is the most specialized and characteristic 
appendage of the mouth of Diptera. Its structural modifications are 
very striking among the specialized genera, such as tlif‘ Cyclorrliaplia. 
These modifications are largely due to the reduction of tiu^ j)arts and 
the excessive development of membranous areas, and they agree witli 
similar types of modification in other head- and inouth-parts. 

To explain the unique development of the labium of Diptera, it 
has been necessary to make a critical study of tln^ generalized condition 
of this appendage as it occurs in the Neinatoccra and to compare it 
carefully with the labia of more generalized Insects. As is well known, 
the labium of a generalized insect is the posterior, iiuhipendcnt, fiap- 
like mouth-part, made up of a submentum, mentum, and ligula. Tin? 
ligula is further divided into palpigers, palpi, pahiglossae, ami glossae. 
The labium of a generalized dipteron resembles that of a generalized 
insect in its caudal position and in its independent condition, but it is 
very different in structure. It is more or less enlarged and not flat 
and flap-like, and the palpi and palpigers are always wanting, so far 
as observed. Since the position of the palpi and the palpigers is very 
useful in orienting the scle rites of the labium of generalized insects, 
their absence in Diptera makes it exceedingly difficult to homologize cor- 
rectly and locate the submentum, mentum, and the parts of the ligula. 
The membranous condition of the labium also adds to this difficulty. 



42 


ILLIXOIS BIOLOGICAL MOXOGRAPHS 


[212 


In order to get some light on this problem, a study was made of 
the labium, particularly the submentum and mentum, of a number of 
generalized insects of the more common orders. The literature of this 
subject was examined, hut no satisfactory results were obtained from 
this source. After a careful study of a number of labia, the following 
general cliaracteristics which bear upon the labium of Diptera, 'were 
note<]. The submentum is the large proximal segment, while the mentum 
is usually small and in some cases very thinly chitinized and almost 
obsolete. The sutures separating the mentum from tlie submentum 
and the ligula arc only represented by small remnants in ]\IeIanoplus. 
The ligula, so far as observed, comprises the movable parts of the labium, 
wliile the mentum and submentum are more or less firmly united with 
the liead-capsule. The proximal part of the ligula is usually Avell de- 
veloped and gives rise to the palpigcrs, palpi, paraglossae, and glossae. 
The glossae are located between tlie paraglossae, and in a number of 
forms a distinct depression or thickening extends proximad between the 
glossae and the proximal margin of the ligula, 

Witli these observations as a basis for comparison, the labium of 
such generalized Diptera as Chironomus (Fig. 371), Simulium (Fig. 
366), Trichocera (Fig. 365), Dixa (Fig. 375), and others may he inter- 
]>reted as follows. The mesal membranous area of the caudal aspect 
of tlie head, which is bounded by the postgenae (po), tlie occipital 
foramen (o. f), and the proximal chitinized piece of the labium (the), 
is made up of the submentum, mentum (su. me), and the cardines (ca) 
and stipites (st) of tlie maxillae (mx). Since this area is largely mem- 
branous, it is impossible to determine the boundaries of these sclerites. 
Tlie areas laterad of the cardines and the stipites apparently belong to 
the maxillae, while the area mesad of these jiarts is made up of the 
submentum and mentum (su. me). The important feature concerning 
this mesal membranous area is the fact that the maxillae and the 
labium both play a part in its formation. This undoubtedly indicates 
that the submentum and mentum, of a more or less fixed nature in 
gmeralized insects, have been more extensively fixed in the Diptera, 
and that the submentum and mentum are included in the membrane 
develo])ed from the stipites and cardines. Such an interpretation is 
altogetlier possible, since the proximal portions of tlic maxillae are adja- 
cent to the submentum and mentum in generalized insects. 

The ligula (Ig) of the generalized Diptera agrees with the ligula 
of generalized insects in that it is the movable part of the labium. 
Structurally it is composed of a well-developed proximal area whicli 
gives rise to hvo large bulb-like paraglossae (pgl) and to two small 
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membranous glossae (gl) which are located between tlie paraglossae. 
The palpigers and labial paipi are wanting, but if in the future sonu' 
form is discovered which shows these structures, th(^\’ will undoubtedly 
be found on the area here described as the ligula. The ])roxiinal portion 
of the ligula has a decided furrow or thickening on its caudal asjx'ct 
along the meson. This thicke]iiug is cliaracteristic of a miniber of 
Diptera and resembles the proximal ])ortiou of the ligula of a number 
of generalized insects. This inesal thickening marks the liiK' of fusion 
of the two parts of the lahiuin during embryonic development. 

The above interpretation of the labium is on the whoh* very satis- 
factory for the iiiimerous modified types found in th(> various families 
of the Diptera, and with this interpnUatioii it is ])ossible to formulate a 
hypothetical labium. This has been done in tliis study ; but there liav<* 
been added to this labium the early stages of developjmml of the more 
important secondary structures which are characteristic of the hdiia of 
Diptera. It will therefore be advisable to call such a hypothetical labium 
a typical labium in order to distinguish it from tlie true liyjmtluUieal 
type of other parts of this study. 

A typical labium of the Diptera (Fig. 1, 73, 140, 302, and 303) is 
made up of a submentum, mentum, and ligida. The submentum 
and mentum (su. me) are firmly united with tlu‘ li(>ad and constitute 
the greater portion of the mesal membranous ansi of tlu' caudal aspect 
of the bead. The ligula (Ig) is tlie large swollen and movable portion 
of the labium and consists of the mediproboscis (mpr) and tlie disti- 
proboscis (dpr). The mediproboscis has a cliitinized ansi on its caudal 
aspect which is commonly called thi' theca (the). Tlie distiprohoscis is 
composed of two large membranous bulb-like paraglossai* (pgl) and two 
small membranous glossae (gl) which are located lictweeii the proximal 
parts of the paraglossae. The important and eliaractcristi(' fisitures of 
a typical labium are the chitinized pieces on the caudal and latimal as- 
pects of the paraglossae and tlie trachea-like struct nres on tln^ mesal 
aspects. The details of the various parts will Ih^ more fully discussed 
as each part is considered and its modification traced tliruout the order. 

The submentum and mentum (su, me) are presiiut as a membranous 
area in a majority of the Nematocera and in the females of Tabanus 
(Fig. 74). This area undergoes considerable modification, as was seen 
in the discussion of the maxillae and postgenae, and is illustrat(!d by 
the figures. Rhyphus (Fig. 80 and 374) is apparently the only genus 
which has within this area a chitinization which can not be considered 
as a modification of the maxillae or of the postgenae. This piece is a 
more or less distinctly chitinized, inverted-flask-shaped area between 
the maxillae. If this is a primary chitinizafion, it is probably a rem- 
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nant of the submentum. A similarly situated area found in Mycetobia 
has been homologized by some writers with that of Rhyphus. This 
interpretation is undoubtedly incorrect, since this area in Mycetobia 
(Fig. 90) gives rise to ehitinized projections at its ventro-lateral angles 
and these in turn connect with the maxillary palpi and the galeae. 
Furthermore, the relationship which this piece bears to the proximal 
end of the theca (the) would tend to disprove such an interpretation. 
This piece in Mycetobia is undoubtedly a specialization of the maxillae 
similar to the modifications found in Bibiocephala (Pig. 83) and Rhab- 
dophaga (Pig. 86). In all genera where the postgenae have grown 
together on the meson the submentum and mentum have been elimi- 
nated, unless one regards the area between the ventral margin of the 
head and the theca as derived from these areas. This area, as already 
described for the Cyclorrhapha, is very extensive and forms the caudal 
portion of the basiproboscis (bpr) . 

The proximal portion of the ligula or mediproboscis (mpr) of the 
typical labium is largely membranous, but it has on its caudal aspect 
a distinctly ehitinized area, the theca (the), which has a distinct furrow 
on its meson. The shape, size, and degree of chitinization of the theca 
vary greatly, as can he seen in Bibio (Pig. 364), Trichocera (Pig. 
365), Rhyphus (Fig. 374), Promachus (Pig. 376), Tabamis (Fig. 391), 
Chyromya (Fig. 411), Conops (Fig. 420), Rhamphomyia (Fig. 424), and 
Musca (Fig. 466). There is a distinct furrow or thickening on the 
meson of the majority of the Nematocera and the Brachycera, and rem- 
nants of these thickenings occur also among the Cyclorrhapha. In some 
of the Diptera the structural condition of the meson has a marked influ- 
ence on the shape of the dorsal and ventral margins of the theca. The 
cephalic aspect of the proximal portion of the ligula of a typical labium 
is concave and membranous and connects with the proximal part of the 
lance-like portion of the hypopharynx. In the Nematocera the cephalic 
aspect resembles the typical labium, and in tiie Brachycera and in a 
majority of the Cyclorrhapha it lias a distinctly ehitinized groove. This 
is well illustrated by Tahauus (Fig. 392), Eristalis (Fig, 441), and a 
majority of the Calyptratae. The degree of chitinization varies con- 
siderably, and in some forms heavy, ehitinized, cord-like pieces extend 
along the sides of the groove from the glossae to the proximal end of 
the labium. 

The tlistiproboscis of the typical labium is composed of two large 
independent, highly membranous, bulb-like paraglossae (pgl), usually 
called, oral lobes or labellae, and two small membranous glossae (gl). 
Each paraglossa has on its lateral and caudal aspects a Y-shaped chi- 
tinized support which has been commonly called the furea. For con- 
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venience in description and as an aid in tracing the development of the 
parts of the furca thruout the order, it has been divided into fnrca-1, 
which is the stem of the Y, furea-2, which is the dorsal arm of the Y, 
and furca-3, which is the ventral arm. The furca articulates with a 
small sclerite which is located between the proximal end of furca-l and 
the distal end of the chitinized furrow on the meson of the theca. Tliis 
piece has been called the sigma (si). Another small, independent 
sclerite is located in the membrane just laterad of the sigma and this 
may be known as kappa (k). Each paraglossa has on its mesal aspect 
two trachea-like structures which arise from the proxiiiial portion of 
the glossa. These structures are commonly called pseudotraeheae (ps). 

A general survey of the characteristics of the paraglossae of tlie 
various labia show's that they are usually bulb-likc, membraTious, and 
somewhat flexible. In these respects they differ decidedly from the 
firmly chitinized, flap-like labia of many generalized insects. Tlieir size 
and shape vary greatly, as can be seen in Bibio (Fig. 304), Eeia (Fig. 
368), Promachus (Fig. 376), Geranomyia (Fig. 382), Tipula (Fig. 384), 
Tabanus (Fig. 390), Conops (Fig. 417), Empis (Fig. 421), Sipliona 
(Fig. 458), Musca (Fig. 467), Stomoxys (Fig. 470), and OlhTsia (Fig. 
488). The u.se to which the labia are i)ut seems to have some iiitlnenee 
on their form. The main line of development thriiout the g(‘iiera figured 
is toward the type found among tlic Calyptratao, in which the. labia 
are usually large, decidedly membranous, and joined together on the 
dorso-caudal areas, as in Hydrotaea (Fig. 475), Sareophaga (big. 477), 
Sepsis (Fig. 439), Loxocera (Fig. 4G1), Tetanoeera (Fig. 463), and 
many other genera. 

The membranous development of tin' ]>aragl(>ssar is not always a 
good indication of the main line of spoeialization. In a number of 
scattered genera, Chirononius, Rliyplius, A])lii(n'luu‘ta, (Jilnropisea, 
Platypeza, T^eptis, Psilocephala, and Lon(dio{)t<‘ra, it is iiext to imjmssi- 
ble to make out the chitinized pieces, such as kap]m, sigina, and hirca, 
because of tlie membranous condition of tlie entire, labiinn. Outside of 
the above-named forms, the cliitinized ])ieees of the paraglossae arc 
usually distinct when present. Tiiese supports_ may be secondary m 
origin or they may be remnants of former chitinized parts of tiie para- 
glossae, It is possible to sliow liow tlie various cliitinized pieces of the 
majority of the labia may have been ri(‘veloi)ed fi-om the typical form. 

The sclerite designated as kappa (kl on tlu^ typical labium is only 
present in Tabanus (Fig. 390 and 391), Tipula (Fig, 388), and Bitta- 
comorpha (Fig. 85). No other dipteroii gives any evidence wdiatcver 
of such a sclerite. In the above-mentioned genera the pieces are em- 
bedded in the membrane laterad of the ventral ends of the tlieca. home 
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one has interpreted these pieces as rudimentary palpigers or palpi. This 
may or may not be correct. It is possible for palpi to be in such a 
position; but since no other genera have similar pieces, and since they 
are so decidedly dissimilar to the labial palpi and palpigers of general- 
ized insects, they are here regarded as secondary sclerites. 

The sclerite designated as sigma (si) is present as a chitinized thick- 
ening at the ventral end of the theca, as in Eristalis (Fig. 443), or as 
a distinct piece, as in a majority of the Brachycera and the Cyclorrha- 
pha. In all genera it is situated between the ventral margin of the 
theca and the furca. Only a few genera of the Nematocera, such as 
Tipula (Fig. 388) and Psorophora (Fig. 380), have these sclerites. They 
undergo some modification in size and structure as can be seen in the 
following genera: Tabanus (Fig. 391), Mydas (Fig. 397), Conops (Fig. 
418), Borborus (Fig. 437), Eristalis (Fig. 443), Coelopa (Fig. 448), 
and Seatophaga (Fig. 470). 

The furca of Bibio (Fig, 315) and that of Tabanus (Fig. 317) 
closely resemble the typical form. In Bibio, furca-1 (f-1) and furca-2 
(f-2) are one continuous piece, while furca-3 (f-3) is a distinct arm. 
In Tabanus, furea-2 and furca-3 are distinctly chitinized areas arising 
from the distal end of furca-1. Only one chitinized support is present 
in Sciara (Fig. 314), Rhabdophaga (Pig. 313), Psychoda (Fig. 318), 
Stratiomyia (Fig. 331), and Trichocera (Pig. 311). In Triehocera this 
support has a decided dorsal bend near the constriction of the para- 
glos.sae. This bend is also present in Psychoda and Stratiomyia, but 
the constriction is wanting. The distal portion of the furca beyond the 
bend is homologous with furca-2, and furea-3 is wanting in these forms. 
Purea-2 is present and furea-3 is wanting in Scenopinus (Pig. 325) ; 
furca-3, however, is present in more species than furca-2. Such is the 
case with Borborus (Fig. 342), Chrysomyza (Pig. 341), Coelopa (Fig. 
337), Tetanocera (Fig. 344), Seatophaga (Fig. 357), Musca (Fig. 351), 
and Thelaira (Fig. 346). 

Furca-1 (f-1) varies considerably thruout the order. In general- 
ized forms where the dorso-caudal portions of the paraglossae are not 
joined together the furcae are always well separated. They are also 
separated in some forms where the paraglossae are joined, as in Mydas 
(Fig. 397) and Eristalis (Fig. 443). In Chyromya (Fig. 411), Dro- 
sophila (Pig. 454), Tetanocera (Fig. 463), and Sepsis (Fig, 439), an 
intermediate piece joins the mesal ends of furcae-1 while in Sarcophaga 
(Pig. 477), Musca (Pig. 466), Coelopa (Pig. 448), Sapromyza (Fig. 
409), Chrysomyza (Fig. 457), Heteroneura (Fig. 459), and Oecothea 
(Fig. 452) furcae-l are united and form one continuous U-shaped piece. 
This type of furcae is present among the Calyptratae. The furcae of 
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specialized, forms, such as Olfersia (Fig. 488), Conops (Fig. 418), 
Siphona (Fig. 355), Empis (Fig. 421), and others, are not diiferen- 
tiated, since the greater part of the lateral aspects of the paraglossae is 
ehitinized. 

In the typical labium two simple trachea-like structures, commonly 
known as pseudotraeheae (ps), arise from the proximal part of each 
glossa and extend onto the mesal membranous aspect of each paraglossa. 
These trachea-like structures are in reality small ehitinized troughs 
which serve as conduits for the liquid food. Pseudotraeheae are unique 
structures and peculiar to Diptera, so far as known. They are present 
in only a few generalized forms, but from these genera it is possible 
to develop the pseudotracheal arrangement and structure of the more 
specialized Diptera. It is consequently assumed that the pseudotraeheae 
have probably arisen only once within the order, and that this happened 
some time after the group as a whole was set off as a distinct order. 

The psedotracheae (ps) of Tipuia (Fig. 383) resemble those of the 
typical labium in that the two main pseudotraeheae arise from each 
glossa and extend over the mesal membranous area of the paraglossa, 
one of the pseudotraeheae extending eaudad and tlie other cephalad. 
These ducts are secondarily branched and resemble a fern. The pseudo- 
traeheae of Mycetophila (Fig. 11) and Leia (Fig. 368) are reduced and 
only the caudal pseudotraeheae extend over the paraglossae. The para- 
glossae in these genera are united along the meson and form a single 
large lobe. The cephalic pseudotraeheae are indicated by small rudiments 
in Mycetophila (Fig. 11). The pseudotraeheae in these forms resemble 
the typical labium in that they are simple, unbranched, cliitinized 
troughs. From the typical labium, or from the pseudotraeheae as they 
occur in Tipuia, it is possible to derive the arrangement and structure 
of the pseudotraeheae as they are found in Tabanus (Fig, 390) and 
similar forms, where two long pseudotracheal trunks (m.ps) extend 
cephalad and eaudad from the glossae (gl) and give rise to many 
branches on their ventral side. These branches extend ventrad over 
the entire mesal area of the paraglossa (pgl). The arrangement of the 
pseudotraeheae of most Diptera is readily derived from a form similar 
to Tabanus. The arrangement in Seenopinus (Pig. 400), Psilocephala 
(Pig. 403), and many of the Calyptratae resembles that in Tabanus. 
In such genera as Stratiomyia (Fig. 396), Oeeothea (Pig. 453), Coelopa 
(Fig. 449), and Heteroneura (Pig. 460) no main collecting ducts 
(m. ps) extend beyond the glossae. In many genera, such as Chloro- 
pisca (Fig. 431) and Chyromya (Fig. 412), no line of demarkation 
can he drawn between the proximal ends of the pseudotraeheae and the 
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U-shaped or open ring-like thickenings are present in the pseudo- 
tracheae of the more specialized Diptera. They do not occur in the 
^simple pseudotracheae of Mycetophila or in some of the highly special- 
ized forms. The histological structure of a pseudotrachea has been 
clearly demonstrated by several workers. According to Dimmoek, “The 
pseudotraeheae on the inner surfaces of the labellae of Musca are cylin- 
drical channels, sunk more or less deeply into the surfaces of the labellae 
according to the amount that that surface is inflated, and they open on 
the surface in zig-zag slits. These channels are held open by partial 
rings, more strongly chitinized than the rest of the membrane of the 
cylinder. As seen from above in Musca, [Fig. 485], the pseudotracheae 
appear to be supported by partial rings, one end of each of which is 

forked The pseudotracheae of Bristalis are so nearly like 

those of Musca [Calliphora] vomitoria that I have not figured those 
of the former.” All my observations of the histological structure of 
pseudotracheae agree with those made by Dimmoek. Tho no attempt 
was made to w^ork out the detail of the histological structure in the 
various genera studied, a number of interesting facts w'ere observed. 
The chitinized, taenidia-like thickenings (ps. th) in Ochthcra (Fig. 445 
and 483) are large U-shaped structures which are partially embedded 
ill the membrane. The ends of these thickenings project considerably 
beyond the surface of the membrane and resemble these structures in 
Bomhylius major (Fig. 482), as figured by Dimmoek. The pseudo- 
iracheae of Calobata (Fig. 446) have developed into rows of small ehi- 
tinized teeth (tee). 

The pseudotracheal area of the paraglossae undergoes its greatest 
specialization in forms in which the paraglossae assume a biting func- 
tion. This biting type is brought about by the development of distinct 
chitinized teeth arising between the proximal ends of the pseudotracheae. 
Rudimentary or well-developed teeth occur in Musca (Fig. 467), Sar- 
eophaga (Fig. 478), Seatophaga (Fig. 472), Lispa (Fig. 481), and 
Stomoxys (Fig. 480). In Musca the small, chitinized, so-called pre- 
stomal teeth (tee) are present betw^een the proximal ends of the pseudo- 
tracheae. In Seatophaga and Lispa these teeth are large and distinct. 
Their greatest development occurs in Stomoxys, and so far as observed 
pseudotracheae arc wanting in this form. An extensive discussion of 
the development and the structure of the chitinized teeth of the para- 
glossae has been given by Patton and Gragg (1913). 

The glossae (gl) of a typical labium (Fig. 1 and 73) are two small 
lobes located between the proximal portions of the paraglossae distad 
of the furrow on the theca and at the distal end of the cephalic groove. 
Thruout the order the glossae are between the paraglossae and at the 
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distal end of the cephalic groove. They are not well-defined structures 
in all labia. In Chironomus (Fig, 371), they are two small membranous 
lobes, while in Simulium (Fig. 366), Rhabdophaga (Fig. 367), Bibio 
(Fig. 364), and Rhyphus (Fig. 374) they have the form of a single 
median membranous lobe. The glossae of Simulium are of particular 
interest since they have a great number of minute ehitinized thickenings 
which radiate from the proximal end. So far as known these thicken- 
ings bear no relation to the psedotracheae of the paraglossae. The 
glossae of Tabanus (Fig. 391) are united and form a eliitijiiztMl triden- 
tate piece with the median tooth the longest. The glossae of Loneliop- 
tera (Fig. 407) illustrate a form intermediate between a median spine, 
such as occurs in Psorophora (Fig. 381), Aphiochaeta (Fig. 393), Empis 
(Pig. 422), and Exoprosopa (Fig. 426), and tlie U-shaped structure 
characteristic of the Cyclorrhapha. The glossae of the Oalyptratiu; re- 
semble in general the glossae of Musca (Fig. 465). In tlie genera of 
this group tlie cephalic ends of the U-shaped piece are free and project 
ecphalad from tlie point of attachment of tlie i).seudotraclu‘ae. The 
glossae are not well defined in a few genera, Sapromyza (Fig. 410), 
Chyromya (Fig. 412), and Chloropisca (Fig. 431), for example, and 
it is impossible to differentiate the glossae from the chitini/ed groove 
of the mediproboscis and the proximal cikIs of the pseiulotraelieue. The 
glossae of Promachus (Fig. 379) are specialized in that th(*y giv(‘ rise 
to two thickenings which extend dorsad in the groove of tin* labium 
and serve as guides for the hypopharyiix and galeae;. 

EPIPHARYNX AND IIYPOPIIARYNX 

The anterior end of the alimentary canal of the Orthoptera and 
of insects in general is divided transversely into two parts, one forming 
the cuticular lining of the clypeus and lahrum and thi; other the lining 
of the opposite side of the month cavity. The portion lining the clypeus 
and labrura is known as the epipharyiix (ep), and tliat of the opposite 
side as the hypopharytix (hp). Each lining may be subdivided into 
several parts. These are of particular significance in a study of the 
epipharynx, which has a distinct chitinized mesal piece, and two lateral 
chitinized pieces which are situated near the clypeo-labral suture. These 
lateral pieces, which have been designated as torinae (to), and, so far 
as I know, are described here for the first time, project cephalad toward 
the clypeo-labral suture in Melanoplus (Fig. 515) and Gryllus (Fig. 
516) and eoiinect with both the labrum and clypeus. In Gryllus they 
are interpolated between the clypeus and the labrum and appear as 
small triangular sclerites on the cephalic aspect. The tormae of Peri- 
planeta (Fig. 514) are not as well developed as in the above-named 
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^nera, but they are present and project toward the eephaio-lateraZ 
corners of the labrum. The caudal end of the epipharynx in many in- 
sects gives rise to Jong ehitinized arms whicJi have been (?aJIed cornua 
(cu). The hypopharynx may be subdivided into a distal, unpaired, me- 
dian piece, which is usually called the hypopharynx, and a proximal 
paired area. 

The ehitinized portion of the anterior end of the alimentary canal 
of Diptera can be homologized with the epipharynx and the hypophar- 
ynx of generalized insects. The following hypothetical epipharynx 
and hypopharynx (Fig. 493) and their closely associated parts have 
been constructed for Diptera, In the figures of the lateral views of the 
hypothetical type an enlarged, three-sided, ehitinized tube extends cau- 
dad from the dorsal end of the hypopharynx and epipharynx. It has 
been called the oesophageal pump (oe. p). This is not a part of the 
epipharynx or of the hypopharynx, but is a modification of the pharynx, 
a portion of the alimentary canal. All of the ehitinized parts ventrad 
of the membranous area at the cephalic end of the oesophageal pump 
belong to the epipharynx and the hypopharynx. The dorsal ends of 
the epipharynx and the hypopharynx are united and form a single chi- 
tinized tube, and this has been called the basipharynx (bph). Except 
for this union, the epipharynx and the hypopharynx arc continuous 
ehitinized pieces with lance-like distal ends. The distal portion of the 
epipharynx is joined to the labrum by a membrane along its lateral 
margin. The tonnae in the hypothetical type project from the lateral 
margins of the epipharynx and unite with the latero-ventral portions 
of the fronto-clypeus (fr. c). Two projections occur at the dorsal end 
of the basipharynx, and these are considered homologous with the cor- 
nua (cu) of the epipharynx of generalized insects. The distal end of 
the hypopharynx is a free lance-like organ, and a salivary duct (s. d) 
enters its proximal end just dorsad of the place where it joins the 
labium (li). The salivary duct extends thru the hypopharynx to its 
distal end. 

The oesophageal pump of the alimentary canal is closely associated 
with the epipharynx and hypopharynx in all the Nematocera and in 
Promachus (Pig. 517), Tabanus (Fig. 494), Leptis (Fig. 520), and 
Psiloeephala (Pig. 533) of the Brachycera. In a majority of the above 
forms, the oesophageal pump is an elastic, semi-chitinized, three-sided 
tube with muscles connecting with each of its surfaces. A contraction 
of these muscles expands the tube, which upon their relaxation assumes 
its normal shape. In some forms, as Tabanus and Promachus, there 
is only one ehitinized elastic surface. In a number of genera, as Chi- 
ronomus (Fig. 531), Psyehoda (Pig. 529), and Leptis (Fig. 520), the 
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tube is more or Jess membrauous and not distinctly tJiree-sided. T/io 
oesophageal pump is wanting in all the Diptera except those named, 
and the membranous oesophagus connects directly infh the basipharynx. 
The oesophageal pump shows considerable variation in its shape, posi- 
tion, and size, as can be seen in the figures of Bibio (Fig. 523), Rhyphus 
(Fig. 508) and others. 

The basipharynx (bph) is interpreted as including all of the united 
portions of the epipharynx and the hypopharynx, but the extent of 
this union varies somewhat in the different genera. In a majority of 
the Nematocera no sutures or constrictions occur between tlic basiphar- 
ynx and the lance-like portions of the epipharynx and the hypophar- 
ynx. Such constrictions and secondary sutures do occur in a majority 
of the Brachycera, as in Leptis (Fig. 520) and Prnmachus (Fig. 517), 
and in all of the Cyclorrhapha. The basipharynx (bph) varies in size 
and shape, as can be seen in the figures. Museles connect with tlie 
cephalic and caudal aspects of the basipharynx, those on the cephalic 
aspect expanding the basipharynx and thus producing suction. This 
sucking apparatus is well developed in all forms which have no oesopl)ag- 
eal pump. The chitinized projections at the dorsal end of tlie basiplmr- 
ynx, called the cornua (cu), vary iu shape and size. Some arc blunt, 
others long and narrow, as in Leptis and the Calyptratae, and still 
others are disk-shaped, as in Promachus (Fig. 517). 


Distinct tormae (to) are present in Diptera except in a few sp<*cies 
of the Nematocera. In all the Nematocera and in Leptis (big. oiO), 
Psilocephala (Fig. 533), Platypeza (Fig. 543), Aphiochaeta (Fig. 544), 
Lonchoptera (Fig. 539), and Scenopinus (Fig. 538), they resemble the 
hypothetical type in that they join with the fronto-elypens. 
genera the tormae have an exposed portion located ventrad of the 
fronto-clypeus and all connection between the fronto-elypeus and the 
tormae is lost, except in Simiilium (Fig. 497) and Tabanus. The 
variations in the shape and the extent of the tormae is well illustrated 
by the numerous figures. The so-called fulcrum described by numerous 
morphologists for the Calyptratae is composed of the tormae and the 
basipharynx. A more or less distinct secondary suture (s.s) is shown 
in the drawings as separating the tormae from the basipharynx and 
the broken line on the tormae indicates the place of connection of the 
membrane of the basiproboscis with the tormae. In figures of the 
Nematocera and of forms in which the tormae connect with the fronto- 
clypeus the broken line indicates the place of union between these parts. 

The epipharynx (ep) is present and closely associated with the 
labrum in all Diptera having functional mouth-parts. The interrela- 
tionship between the epipharynx and the labrum has been discussed 
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under the heading labrum. The epipharynx in a number of generalized 
Diptera, such as Tabanus (Fig. 494), Simulium (Fig. 497), Dixa (Fig. 
501), Limnobia (Fig. 507), and Sciara (Fig. 513), resembles the hypo- 
thetical type. In the majority of the Diptera it differs from the hypo- 
thetical type in that it is completely separated from the basi pharynx 
by a constriction or a secondary suture. This hinge in the epipharynx 
permits the proboscis to bend at this point when it is withdrawn into 
the oral cavity. The lance-like portion of the epipharynx in the Calyp- 
tratae and some other forms is completely separated from the basiphar- 
ynx by the development of a special piece which is commonly called 
the hyoid (hy). The lance-like portion of the hypopharynx also articu- 
lates against the hyoid. The hyoid is a secondary sclerite which origi- 
nated from the epipharynx or the hypopharynx and serves the purpose 
of keeping open the alimentary canal, which passes thru it. A structure 
similar to the hyoid of Musca (Fig. 600) is found in Stomoxys (Fig. 
599), where a large and strong traeliea-like tube extends between the 
dorsal ends of the lance-like portions of the epipharynx, the hypophar- 
ynx, and the basipharynx. 

In size and shape the epipharynx agrees more or less closely with 
the labrum. The epipharynx in sucking Diptera is, a.s a rule, long and 
needle-like, w^hile in other forms it is usually short and blunt. In many 
genera of the Acalyptratae it has a secondary transverse suture near its 
distal end, as shown in Sepsis (Fig. 583) and Eristalis (Fig. 588). 

A few^ genera show special modifications of the epipharynx. This 
is particularly true of Dolichopus (Fig. 524 and 528). In this genus 
the epipharynx closely resembles the hypothetical type in the presence 
of a distinct membrane between the labrum (1) and the epipharynx 
(ep). The specialization of the epipharynx consists in the bifurcation 
of its distal end and in the presence of a long club-shaped piece which 
projects from its meson dorsad into the cavity formed by the basiphar- 
ynx, the tormae, and the fronto-clypeus. These modifications are 
peculiar to species of the Dolichopodidae. The bifurcations at the distal 
end are of particular interest, since they have been interpreted as man- 
dibles by Langhoffer (1888). They are much longer in some of the 
genera of the family than in others. The lateral and caudal views of 
the epipharynx and the hypopharynx of Dolichopus show clearly the 
relation these projections have to the other parts, and justify the inter- 
pretation here given. 

The single, median, distal, lance-like portion of the hypopharynx 
is present in all but a few of the genera studied. The cephalic portion 
of the labium usually connects with the lance-like portion of the hy- 
popharynx just ventrad of the point of entrance of the salivary duct. 
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In a few cases, as in Borboriis (Fig*. 565 and 567), the hypopharynx is 
completely fused with the labium, while in others, as iji Euaresta (Kig. 
572), it is nearly so. In a majority of tlie genera the secondary separa- 
tion of the lance-like portion of the hypopharynx from the basipliarynx 
corresponds with the similar separation iji the e]>i]>haryiix. The ahap(‘ 
and size of the hypopharynx also vary considerably, as can be seen in 
the figures. In mouth -parts fitted for sucking and piercing, tln^ hy- 
popharynx is usually long and needle-like; while in licking forms (most 
Calyptratae), it is greatly reduced. 

The salivary duct (s. d) enters the proximal f)ortion of the lance- 
like part of the hypopharynx and in most cases it is carried as a duct 
or groove along the cephalic surface of tliat organ to tlie distal end. 
The course of this duct or groove is indicated by broken lines in the 
figures of the caudal aspect of the hypopliarynx. The salivary iluct 
before entering the hypopharynx is enlarged and l^ulb-likt^ in many 
species. In Tabanus (Fig. 494) the salivary bulb (s. b) is a eliitinizi'd 
structure continuous with the hyj)opharynx, wliile in Proimvchus (Fig. 
517) it is ehitinized, but separated from tln^ hypopliarynx, A ehitinized 
bulb and an enlarged membranous swelling are botli preacmt in Dolieho- 
pus (Fig. 528). 

The peculiar epipharynx and hypopharynx of Olfersia (Fig. 606) 
can be homologized witli tlie more eommon ty[)es found thrnont the 
order. The principal difference is in the sliajie ami ])osition of the 
basipharynx, the tormae, and the hyoid. The two lance-1 ik(; structures 
embedded in the deep membranous depression about tlie oral eavity 
are the labrura-epipharynx and the laiice-likc part of the hypopharynx. 
The long, crescent-shaped piece which extends cephalad from tin-, proxi- 
mal end of the labrum-epipharynx to the p(>ar-shaped jiiece, is homolo- 
gous with the hyoid (hy), and the pear-shaped ])ieee witli wliieli the 
hyoid connects is composed of tiie torma<i (to) and the basipharynx 
(bph). The exposed parts of the tormae in the meinbrane ventrad of 
the head are very small in this genus. 

Only rudiments of mouth-parts are found in the head of Gastrophi- 
lus (Fig. 490 and 492). The anterior end of the alimentary canal is a 
simple ehitinized tube which leads to the small opening on the ventral 
aspect of the head. This tube undoubtedly originated from the epiphar- 
ynx and the hypopharynx. The mouth-parts are greatly reduced or 
wanting. It is possible that the small bulb-like structures located 
latero-eaudad of the opening are remnants of the labium. It is impos- 
sible to homologize the other minute modifications surrounding the 
mouth -opening. 

In the Cyrtidae, as Oncodes (Fig. 109, 486, and 487), the mouth- 
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parts show a greater reduction than in Gastrophilus, while in species 
of Eulonchus (Fig. 364a) they are well developed. In Oncodes a chi- 
tinized ring is present in the membrane which covers the oral cavity, 
and a broad plate extends dorsad from its caudal margin, giving rise 
to a small membranous tube, the oesophagus, which has no opening to 
the exterior as far as could be determined. It is impossible to homolo- 
gize the parts within the oral cavity. The ental plate which gives rise 
to the oesophagus, may be homologous with the basal portion of the 
epipharynx and the hypopharynx, 

A general survey of the epipharynx and hypopharynx shows that 
the relationship between these parts and the head-capsule corresponds 
with the relationship between the mouth-parts and the head. Since the 
epipharynx and the hypopharynx are always connected with the labrum 
and the proximal part of the labium, they are projected ventrad when 
the labrum and labium are extruded. The interrelation of the mouth- 
parts and the epipharynx and hypopharynx is fixed, never changing thru- 
out the order, no matter what specialization may take place. The espe- 
cially striking feature of the epipharynx and the hpopharynx in various 
genera which have functional mouth-parts, is the decided similarity of 
the two thruout the order, as shown by the various figures. The parts 
undergo secondary changes in their size and shape, but in no case where 
the mouth-parts are functional is there an entire loss of a part, which, 
however, happens in many cases with the mouth-appendages. The epi- 
pharynx and hpopharynx of the Calyptratae in particular show a devel- 
opment of joints, secondary sclerites, and membranous areas, which 
permit a considerable amount of flexibility. 

SUMMARY 

This investigation deals with the homology of all the sclerites of 
the fixed and movable parts of the head of one or more representatives 
of fifty-three of the fifty-nine families of the Diptera of North America 
as listed by Aldrich. With this large series it has been possible to 
make clear a number of little-understood relationships and structural 
modifications in the head and month-parts, and also to point out their 
homology with the corresponding parts and areas in insects of other 
orders. The six hundred and more figures show the form and structure 
of all the parts for each of the families studied. 

Modifications of the fixed and movable parts usually take the form 
of reduction, change of shape, loss of ehitinization, or expansion of the 
membranous areas. The different parts have been discussed separately, 
and a hypothetical or typical form has been constructed for each part. 
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One of the most important conclusions concerning the generalized 
head‘Capsule relates to the position of the epicranial suture. The stem 
of this suture along the dorso-meson represents the hue of fusion of 
the paired sclerites of the head, while the arms of the suture ventrad 
of the antennal fossae enclose the unpaired sclerites of the head. This 
suture resembles the epicranial suture in the immature stages and the 
adult forms of all the generalized members of the more common orders. 

Two unpaired sclerites, front and clypeus, are enclosed by the fork 
of the epicranial suture, and in all but one or two genera form a con- 
tinuous area called the fronto-clypeus. 

The labrum is an unpaired, distinct, tongue-like structure situated 
ventrad of the fronto-clypeus. It is joined to the epipharynx and the 
resulting structure is known as the labruin-epipharynx. 

The tormae are chitinized lateral pieces of the epipharynx which 
project cephalad and unite with the fronto-clypeus in generalized Dip- 
tera. They are also present in such generalized insects as the Orthop- 
tera. In the more specialized Diptera the tormae are interpolated be- 
tween the fronto-clypeus and the labrum, and in all but a few genera 
lose all connection with the chitinized portions of the fronto-clypeus. 
Their exposed surface is best seen from a cephalic view. 

The crescent-shaped frontal suture dorsad of the antennal fossae 
marks the line of invagination of the ptilinum. The origin of the 
ptilinum has not been determined. 

The vertex is the paired continuous area on the cephalic aspect of 
the head, and the region of the vertex ventrad and mesad of each com- 
pound eye is a gena. 

The compound eyes are usually large and located on the cephalo- 
lateral aspects of the head. They show secondary sexual characters in 
a greater number of species than do any other of the fixed and movable 
parts. The three ocelli are arranged in the form of a triangle and 
located on the vertex dorsad of the bifurcation of the arms of the epi- 
cranial suture. 

The occiput and postgenae are continuous areas of the caudal sur- 
face. The former occupies the dorsal portion and is secondarily modified 
about the occipital foramen to form the paroceiput. The postgenae arc 
the two areas of the ventral half, separated by a membrane in gener- 
alized forms and united ventrad of the occipital foramen in all the 
Brachycera and the Cyclorrhapha. They arc also secondarily divided 
into parapostgenae along the mesal membrane. 

The tentorium of generalized Diptera is represented by the usual 
three pairs of arms and a rudimentary body. It undergoes striking 
modifications, and influences to a considerable extent the detailed struc- 
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ture of the head. The relation between the invaginations of the ten- 
torium and the movable appendages of the mouth, which is so important 
a feature of all generalized insects, is also characteristic of the members 
of this order. 

The development of the antennae from a generalized filiform type 
to that found among the Cyclorrliapha can be traced on the figures. 

Only a few generalized Diptera have mandibles. These are only 
present in the females except in Simulium, in which they are well 
developed in both sexes. 

All Diptera having functional mouth -parts have maxillae. The 
maxillae of generalized Diptera resemble the maxillae of generalized 
insects except for the absence of palpifers and the fusion of the cardines 
and stipites with the head-capsule. The maxillae undergo considerable 
modification, and are reduced to a mere ental rod and a palpus in the 
Calyptratae. 

The labium is the most characteristic and specialized appendage of 
the mouth, and shows modifications due to reduction and membranous 
development. The palpigers and labial palpi are always wanting. The 
submen turn and mentum are represented by a membranous area of the 
caudal surface of the head. The ligula, or the movable portion of the 
labium, has a basal part which usually gives rise to two large bulb -like 
paraglossae and to glossae situated between them. The paraglossae are 
specialized, and have chitinized areas on their lateral and caudal sur- 
faces and pseudotracheae on their mesal surface. 

The parts of the epipharynx and the hypopharynx can be homolo- 
gized with the corresponding parts in generalized insects. There is a 
great similarity in the form of the epipharynx and hypopharynx of all 
Diptera, which is especially striking when considered in connection with 
the modifications that have taken place in all other parts. 

The various mouth-parts show striking modifications thruout the 
order, hut all, including the epipharynx and the hypopharynx, retain 
their relative positions, even tho they may he extruded from the head- 
capsule for a considerable distance, as in some of the Calyptratae. The 
proboscis of the Cyclorrhapha is composed of the labium, maxillae, 
hypopharynx, labrum-epipharynx, and tormae. The paraglossae of the 
labium form the large lobes, or labellae, at its distal end. 

The mouth-parts of Oncodes and Dastrophilus are not functional, 
and are so greatly reduced that it is difficult to homologize their parts.. 
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EXPLANATION OF PLATES 

ABBREVIATIONS USED 


a.a Anterior arms of the tentorium 
a.e.s Arms of the epicranial suture 

a.f Antennal fossa 

al.c Alimentary canal 

ant Antenna 

ar Arista 

a. s Antennal sclerite 

bph Basipharynx 

bpr Basiproboscis 

b. t Body of the tentorium 

c Clypeus 

ca Cardo 

c. e Compound eye 

ch Chitinized 

ch.th Chitinized thickening 
cLs Clypeo-labral suture 
cu Cornu 

d. a Dorsal arms of the tentorium 

de Depression 

dpr Distiproboscis 

cp Epipharynx 

e. s Epicranial suture 

f Furca, also f-i, f-2, and f-3 

fa Facet 

fl Flagellum 

fr Front 

fr.c Fronto-clypeus 

fr.s Frontal suture 

g Galea 

ge Gena 

gl Glossa 

h Hook 

hp Ilypopharynx 

hy Hyoid 

i.a Invagination of the anterior arm 

of the tentorium 


i.a.d Invagination of tlie anterior and 
dorsal arms of the tentorium 
i.d Invagination of the dorsal arm 
of tlic tentorium 

i.p Invagination of the posterior 

arm of the tentorium 
k Kappa (sclerite) 

1 Lahrnm 

la Lacinia 

le Labella 

l. ep Labruin epipliarynx 

Ig Ligiila 

li Labium 

m Membrane 

md Mandible 

me Mciitmu 

inpr Mcdiproljoscis 

m. ps Main pseudotrachcac 

mx Maxilla 

inx.pl Maxillary palpus 

ri.s Neck sclerite 

oc (Xellus 

oc.a Ocellar area 

nec Occiput 

oe Oesophagus 

oe.p Oesnphageal pump 

o.f Occipital foramen 

0.1 Oral lol)e 

o. s Ocular .sclerite 

p. a Posterior arms of tbe tentorium 

pd Pedicel 

pgl Paraglossa 

po Postgen a 

pocc Parocciput 

ppo Parapostgena 

pr Probo.scis 



62 


ILLINOIS BIOLOGICAL MONOGRAPHS 


[232 


ps Pseudotrachea 

ps.th Pseudotracheal thickening 

pt Ptilinum 

r.d.a Rudimentary dorsal arms of the 
tentorium 

r. p.a Rudimentary posterior arms of 

the tentorium 
s Suture 

s. b Salivary bulb 

sc Scape 

s.d Salivary duct 

6.e.s Stem of the epicranial suture 

si Sigma (sclerite) 


so Sense organ 

S.S Secondary suture 

St Stipes, st-i and st -2 ectal part, 

st-e ental part 
su Submentum 

su.me Submentum and mentum 
t Tentorium 

tee Teeth-like structures 

th Thickening 

the Theca 

to Torma or tormae 

t.th Tentorial thickening 

V Vertex 
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PLATE 1 
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EXPLANATION OF PLATE 
Cephauc Aspect of the Head and Mouth-parts 

Fig. I. Hypothetical head. 

Fig, 2. Simulium venustum, female. 

Fig. 3. Simulium johannseni, male. 

Fig. 4. Bibio cephala elegantula, male. 

Fig. 5. Bihiocephala elegantula, female. 

Fig. 6. Rhabdophaga strobiloides. 

Fig. 7. Mycctobia divergens. 

Fig. 8. Psychoda albipennis. 

Fig. g. Rhyphus punctaius. 

Fig. 10. Psorophora ciliata, female. 

Fig, II. Mycetophila punctaiat female. 

Fig. 12. Chironomus ferrugineovittatus, female. 
Fig. 13. Bibio femoratus, male. 

Fig. 14. Bibio femoratus, female. 

Fig. 15. Ptychoptcra rufocincta. 

Fig. t6. Trichocera bimacula. 

Fig. 17. Sciara varians. 

Fig. 18. Tipula bicornis. 
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PLATE II 
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EXPLANATION OF PLATE 
Cephalic aspect of the Head 

Fig. IQ. Dixa davata. 

Fig. 20, T abacus giganteus, female. 

Fig. 21. Tabanus giganiens^ male. 

Fig. 22. Prowadns vertebratus. 

Fig. 23. Eristalis female. 

Fig. 24. Eristalis tenax, dorsal end of the tormae. 
Fig. 25. Eristalis lcnax\ male. 

Fig. 26. Psorophora dliata, male. 

Fig. 27. Stratiomyia apicula, male. 

Fig. 28. Straiioynyia apicula, female. 

Fig. 29. Exoprosopa fosciata. 

Fig. 30. My das davatus. 

Fig. 31. Aphioebaeia agarid. 

Fig. 32. Platypesa velutina. 

Fig. 33. PsHoccphiila haeiiiorrboidalis, male. 

Fig. 34. Leptis vertebrata, female. 

Fig. 35. Leptis z'ertebrata, male. 

F'ig. 36. Psilocephala haeniorrhoidalis, female. 
Fig. 37. Lonchoptcra lutea, female. 

Fig. 38. Pi pun cuius dngulatus, female. 
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EXPLANATION OF PLATE 

Cephalic Aspect ok the Head 

Fig. 39. Pipunculus cingulatus, male. 
Fig. 40. Em pis clausa, female. 

Fig. 41. Scenopinus fenestraiis, male. 
Fig. 42. Scenopinus fenestraiis, female. 
Fig. 43. Dolichopus bifractus. 

Fig. 44. Calobata univitta. 

Fig, 45. Drosophila ampelophila. 

Fig. 46. Sepsis viola cea. 

Fig. 47. Desmonietopa latipes. 

Fig. 48. Oecothea fenestraiis. 

Fig. 49. Hetcroneura fiaviseia. 

Fig. 50, Chyromya concolor. 

Fig, 51. Chloropisca glabra. 

Fig. 52. Sphyracephala brevicornis. 

Fig. S3. Oncodes costatus. 

Fig. 54. G astro philus equi. 

Fig. 55 . Tetanocera plumosa. 

Fig. 56. Ochthera mantis. 

Fig. 57. Olfersia ardeae. 
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PLATE IV 
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EXPLANATION OF PLATE 

Cephalic Aspect of the Head 

Fig. s8. Coelopa vanduzeii 
Fig. 59. Loxocera pectoralis. 

Fig. 60. Sapromyza vulgaris. 

Fig, 61. Buaresta ae quails. 

Fig. 62. Scatophaga furcata. 

Fig. 63. Borborus equinus. 

Fig. 64. Chrysowyza demandata. 

Fig. 65. Thelaira leucozona. 

Fig. 66. Sarcophaga haemorrhoidalis. 
Fig. 67. Conops brachyrhynchus. 

Fig. 68. Archytas analis. 

Fig. 69. Hydrotaea dentipes, female. 
Fig. 70. Hydrotaea dentipes, male. 

Fig. 71. Musca dooiestica, female. 

Fig, 72. Musca doviestica, male, 
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EXPLANATION OF PLATE 
Caudal Aspect of the Head 

Fig. 73. Hypothetical head. 

Fig. 74. Tabanus giganteus, female. 

Fig. 75. Tabanus giganteus, male. 

Fig. 76. Bibiocepkala elegantula, male. 

Fig. 77. venuslum, female. 

Fig. 78. Trichoc era bmacula. 

Fig. 79. Dixa clavaia. 

Fig. 80. Rhyphus punctatus. 

Fig. 81. Xfiaro varians. 

Fig. 82. Psychoda albipennis. 

Fig. 83. Bibiocepkala elegantula, female. 

Fig. 84. Promachus vertebratus. 

Fig. 85. Bittacovjorpha clavipes. 

Fig. 86, Rhabdophaga strobiloides. 

Fig. 87. Myceiophila punctata. 

Fig. 88. Chiro 7 wmus ferrugmeovittatus. 

Fig. 89. Chirononius ferrugineovittalus, dorsal aspect. 
Fig. 90. Mycetobia divergens. 
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KXPLANA’nOX OF PLATE 


Fig. 

91 . 

Fig. 

92. 

Fig. 

9.^ 

Fig. 

94. 

Fig. 

9.> 

Fig. 

96. 

Fig. 

97 - 

Fig. 

98 . 

Fig. 

99. 

Fig. 

100. 

Fig. 

lor. 

Fig. 

102. 

Fig. 

103. 

Fig. 

104. 

Fig. 

105, 

Fig. 

lot). 

Fig. 

10;. 

Fig. 

ro8. 

Fig. 

109. 

Fig. 

HO. 

Fig. 

ITT. 

Fig. 

II 2 . 


Caudal Aspect of the Head 

Bibio femoratus, male. 

Bibio f^ftioratus, female. 

Liiiniobia ionnatura. 

Sphyraccphala brevicornis. 

Tipnla bicornis. 

Psorophora ciliota> female. 

E 1)1 pis clausa, female. 

E.roprosopa fasciata. 

My das davatus. 

Psilocephala haemorrhoidalis, female. 

Ochthera mantis, 

Lonchoptera lutea, female. 

Leptis vertebrata, male. 

S t ratio illy ia apicula, male. 

Oncodcs costatus. 

Piptiticulus cingulatus, female. 

fencstralis. 

Dolichopus sp. 

O)icodes costatus. ventral aspect. 

Piatypcsii velutina. 

Apliiochaeto agorici. 

Dolichopus bifractus, lateral margins incomplete. 
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EXPLANATION OF PLATE 


Caudal Aspect of the Head 


Fig, I 13. 
Fig. 1 14. 
Fig. 115. 
Fig. 116. 
Fig, 117. 
Fig. I iK 
Fig, 119. 
Fig. 120. 
Fig. 121. 
Fig. 122. 
Fig. 123. 
Fig. 124. 
Fig, 125. 
Fig. 126. 
Fig. 127. 
Fig. 128. 
Fig. 129, 
Fig. 130. 
Fig. 13T* 
Fig. 132, 
Fig. 133. 
Fig. 134. 
Fig. 135. 
Fig. 136. 


Eristalis temx, female. 

Calobata univitta. 

Sapromy::a vulgaris. 

Lispa jmsofii, margin incomplete. 

Covnps brachyrhynchus. 

Sepsis I'iohicea. 

Tctatwcera plumosa. 

Myiospila }iteditabunda, margin incomplete. 
Coclopa vandnseii. 

ChiruDiya concolor. 

Lo.rocera peel oralis. 

Arebytas analis. 

Drosophila avtpclophila. 

Hetcroneura flaviseta. 
llydrotaca dentipes. 

Thclaira leucozom. 

Dcsiuoaictopa latipes. 

Sarcophaga hacmorrhoidalis. 

Etiaresfa aeqnalis. 

Cbloropisca glabra. 

Musca dooiesticaj female. 

C/jrji'JODi.v-a demon data. 

Scatophaga furcata. 

Borborus equinus. 
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EXPLANATION OF PLATE 

Caudal and Lateral Aspects of the Head and the Tentorium 

Fig. 137, Oecotkca fenestralis, caudal aspect. 

Fig. 138. Gastroptiilus cqni, caudal aspect. 

Fig. 139. oJfcrsia ardeae, caudal aspect. 

Fig. 140, Hypothetical head, lateral aspect 
Fig. 141, Hypothetical tentorium, lateral aspect. 

Fig. 142, Tabaniis giganteus, female, lateral aspect. 

Fig. 143, Tabanns giyanieus, lateral aspect of the tentorium. 
Fig, 144. 5 ‘iT/uh'HDi vcuustuui, female, lateral aspect 
Fig. 145. Lepiis vcrlebrata, male, lateral aspect. 

Fig. 1 46. My das clavatus, lateral aspect 
Fig. 147. Proinachus vertebraius, lateral aspect. 

Fig. 148. Prontachus' vertebratus, lateral aspect of the tentorium. 
Fig. 149. S'cenopuuis fenestralis, female, lateral aspect. 

Fig. 150. i'e taro lateral aspect. 

Fig. 151, Pipunctihts cingula tus, lateral aspect, 

Fig. 152. Chironowus fcrrugiiieovUlatus, lateral aspect 
Fig. 153, Ribio fcnioratus, female, lateral aspect. 

Fig. 154. Bibio feuwratus, male, lateral aspect 
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EXPLANATION OF PLATE 


Lathral . 

\SPKC 

T OR THE Head .showing the Tentoriu: 

I'ig. 

T 55 . 

Bibio ccpihda elegantjila, female. 

i'ig. 

>56. 

Bibioccphala eleyontula, male. 

I'ig. 

> 57 . 

Rliypltus puitctalus. 

Fig. 


'bri choc era biinacula. 

Fig. 

i.SQ. 

Psoropliora dliata, female. 

I'ig- 

160. 

Stratiomyia apicula, male. 

I*ig. 

i6r. 

Mycefobia diverejeus. 

I'ig. 

162. 

fi.voprosopti fasciata, eye removed. 

I'ig. 

16.3. 

Di.va chn'ata. 

Fig. 

i6.^. 

Pm pis chiusa, female. 

'Mg. 

165. 

Phiiypcca vehituia. 

Fig. 

166. 

Psychoda albipciuiis. 

Fig. 

167, 

Hristcilis tefiax, female, eye removed. 

I'ig. 

16M, 

Dolichopiis hifractiis, eye removed. 

I’ig. 

160, 

l.o.vocera pccloralis. 

I'ig. 

170. 

Rhabdophaga strobiloides. 

I’ig. 

171. 

Snpromy::a vulgaris. 

I'ig. 

17J. 

Drosophila (viipAnphilci. 

F'ig. 

17 .V 

Fsiloccphala haenwrrhoidalis, female. 

Fig. 

174. 

Aphioclujcta agarici. 

Fig. 

175. 

Piiarcsta a equal is. 

Fig. 

176. 

Hctcroncura fiavisetd. 

Fig. 

177. 

Lonchoptcra lutca. 

Fig, 

178. 

TipiUa bicornis. 

Fig. 

179. 

Chyro}fiya concolor. 
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i'XPLAXATION OF PLATE 

l.ATKKAl, AsPhX'T OF THE HeAO SH 0\A'ING THE 'rENTORIUM 



iHo. 

'I'eiiinocvra pluinosn. 

Fig. 

190. 

S phyraccphala b revi corn is. 

Fig. 

iHi. 

CI}rysoiiiy:.a dcDiandafa. 

Fig. 

191. 

Sarcophoga haemorrhoidalis. 

I'ig. 

iHj. 

Coclopa 2 'aiiducen, 

Fig. 

192. 

Oecothca fciiesiralis. 

iMg. 

iHT 

Calohala uiiivitla. 

Fig. 

193. 

Scatopliacjii fiircatn. 

I'ig. 

184. 

Sepsis viohu'ca. 

Fig. 

194 - 

Musca doincstka. 


185. 

Desiiioiiictopa latipcs. 

Fig, 

195. 

Hydrofaca dcntipes. 

f-ig. 

m. 

Coiiaps brachyrhynclius. 

Fig. 

196. 

Tlieluiro Icucozotta. 

1‘ig. 

187. 

Oi'htheni iiianlis. 

F 7 g. 

197. 

Archytas analis. 

Fig. 

188. 

li<f}'hor\<s cquiiius. 

F'ig. 

198. 

Olfershi ordcae. 

Fig. 

18*1, 

Cliloropist'd fjlahra. 

Antennae 



Fig. 

iWh. 

1 1 ypdtliciical antenna. 

Fig. 

206, 

Chirononius fcrrugincovitta- 

I'ig. 

lyy. 

Diva clavatd. 



tus, female. 

Fig. 

JOO. 

7Vi(7i nrnrd himacula. 

Fig. 

207. 

Cliirotioinus fcrrugincovitta- 

Fig. 

2or. 

Rhal'dopluuia strobiloidcs. 



i 2 is, male. 

Fig. 

J02. 

Psyehada olhipcuuis. 

Fig- 

ja8. 

Bibio jcinoratus, female. 

F'ig. 

m- 

Pihioccpluild Ai'<]a\itu!a. 

F'ig- 

209. 

Rhyplius punctatus. 

Fig. 

204 . 

SiiniiliHm veuustdiu. 

F'ig. 

210. 

Psorophora ciliata, female. 

Fig. 

205. 

Sciiiri} Torujiis. 

Fig. 

211. 

Psorophora ciliata, male. 
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EXPLANATION OF PLATE 


Antennae 


Fig, 

212. 

My das clavatus. 

Fig. 231. 

Borborus equinus. 

Fig, 213. 

Stratiouiyia apicula. 

Fig. 232. 

Eristalis lenax. >■ 

Fig, 

214. 

Tabanus giganteus. 

Fig. 233. 

Chyroniya concolor. 

Fig. 215. 

Empis clausa. 

Fig. 234. 

Sepsis violacen. 

Fig. 216. 

Hxoprosopa fascia la. 

Fig. 235. 

Loxocera pectoralis. 

Fig. 217. 

Promiichus vertebratus. 

Fig. 236. 

Calohata univitta. 

Fig. 

218. 

Leptis veriebrata. 

Fig. 237. 

Ochthera mantis. 

Fig. 

219. 

Scenopims fcncstralis. 

Fig. 238. 

Drosophila ampelophila. 

Fig. 

220 . 

Oncodcs cos talus, 

Fig. 239. 

Gasirophilus equi 

Fig. 

221. 

Co naps bracityrhynchus. 

Fig. 240. 

Euaresta aequalis. 

Fig. 

222. 

Flatypeaa vclutina. 

Fig. 241. 

Hydrotaea deutipes. 

Fig. 223. 

Lonchoptera lutea. 

Fig. 242. 

Musca domeslica. 

Fig. 224. 

Aphioctiacta agarici. 

Fig. 243. 

Pipunculus cingulatus. 

Fig. 

225. 

Tctauocera plumosa. 

Fig. 244. 

Sarcophaga haemorrhoidalis. 

Fig. 

226. 

DoHchopus bifractus. 

Fig. 245, 

Chrysomyza demandata. 

Fig. 

227. 

Oecothca fcucstralis. 

Fig. 246. 

Scatophaga furcaia. 

Fig. 

228. 

Dcsmoiiietopa latipes. 

Fig. 247. 

Archytas analis. 

Fig. 

229. 

Ilcteroncura flaviseta. 

Fig. 248. 

Sapromyza vulgaris. 

Fig. 230. 

Thelaira leucozona. 

Fig. 249. 

ardeae. 



Mandibles 


Fig. 

250. 

7 :cmistu)i!, female. 

Fig. 254. 

Dir a modesta, female. 

Fig. 

251. 

Psorophora ciliata, female. 

Fig. 255. 

Tabanus giganteus, female. 

Fig. 

252. 

johannscni, male. 

Fig. 256. 

Bibiocephala elegantula, 

Fig. 

253 - 

Culicoides sanguisugus, 


female. 


female. 
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EXPLANATION OF PLATE 

Mandible and Maxillae 

Imk. 256h. J lypothctical mandible. , 

I’iR- 257, Hypothetical Jiiaxillae. 

l<'ig. 258. Siinuliuiii veiiustuui, female, cephalic aspect. 

Fig. 2SQ. Tabanus giganteus, female, caudal aspect, 
i^'ig. 260. 'I'richocero biinacula, caudal aspect, 
h'ig. 261. Rliyghns punctafust caudal aspect. 

Mg. 262. Di.i'd clavata, caudal aspect, 
h'ig. 263. Psych<fda albipennis, caudal a spec t 
Fig. 264. Bibio fenioratus, caudal aspect. 

Fig. 265. Culicoides satiguisugus, female, caudal aspect. 

Fig, 266, Ps or op kora citiata, female and male, caudal aspect, 
l^g. 267. Sciaro uirians, caudal aspect. 

Fig. 268. Rhabdopluiga strobiloides, caudal aspect. 

Fig. 2&). Bibioccphahi clcgantula, female, caudal aspect 
Fig. 270. Chiroiwiitus fcrrugiucovittatust cephalic aspect. 

I'ig. 271. My das clazatus, lateral aspect. 

Fig. 2/2. Platypcza vclutiua, lateral aspect. 

273. Stratiomyki apicula, cephalic aspect. 

Fig. 274. Rill pis clauso, lateral aspect. 

Fig. 275. Lcptis vcrtebrato, caudal aspect. 

Fig, 276. Proiiiaclius vcriebrafus, caudal aspect. 

Fig, 277. Tipnht hicornis, portion of caudal aspect. 

Fig, 278. Aphiodnieia agarici, lateral aspect, 
h'ig. 279. PipuyM'ulus cingulatiis, lateral aspect. 

Fig. 280. Lonchopiera lutca. 

Fig. 281. Psilocephala haemorrhoidalis, cephalic aspect. 

Fig. 282. Si'oiopinus jewestralis. 

Fig. 283. Tahonus gigmtcHS, male, caudal aspect. 

Fig. 284. Dolichopus bijractus. 
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EXPLANATION OF PLATE 
Maxillae 

Fig. 284a. Eulonckus tristis. 

Fig. 285. Uxoprosopa fasdata. 

Fig. 286. Eristalis tenax. 

Fig. 287. Sepsis violacea. 

Fig. 288. Coelopa vanduseii. 

Fig. 289. Saproniyza vulgaris. 

Fig. 290. Oecothca f cm straits. 

Fig. 291. Drosophila ariipelophila. 

Fig. 292. Euaresta aequalis. 

Fig. 29;^. Sphyracephala brcviconiis. 
Fig. 294, B orb or us equinus. 

Fig. 295. Chrysoniysa demandata. 

Fig, 296. Caiobata umvitta. 

Fig. 297. Ochthcra mantis. 

Fig. 298. Hcteroneiira ffaviscta. 

Fig. 299. Chyromya concolor. 

Fig. 300. Loxocera pectoralis. 

Fig. 301. Thelaira Icucozona. 

Fig. 302. Tetanoccra plumosa. 

Fig. 303, Desnwmetopa latipes. 

Fig. 304. Musca dofnesHca. 

Fig. 305. Conops brachyrhynchus. 

Fig, 306. Chloropisca glabra. . 

Fig. 307. Scatophaga furcata. 

Fig. 308. Hydrotaea dcniipes. 

Fig. 309. Archytas analis. 

Fig. 310, Sarcophoga haemorrhoidalis. 
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EXPLANATION OF PLATE 

Lateral Aspect of the Mouth-parts or PsoBOsas 

Fig. Trichocera bimacula. 

Fig. 312, Chironouius ferrugineovittatus. 

Fig. 313. Rhabdopbaga strobiloides. 

Fig. 314. Sciara varians. 

Fig, 315. Bibio femoraius. 

Fig. 316. Simuliuni vemstum, female. 

Fig. 317. Tabams giganteus, female. 

Fig. 318, Psychoda alhipennis. 

Fig. 319. Mydas clnvatus. 

Fig. 320. Lonchopiera lutca. 

Fig, 321. Rhyphus punctatus. 

Fig, 322. Promachus vertebratus. 

Fig. 323. Leptis verUbrata. 

Fig. 324, Psilocephala haemorrhoidalis. 

Fig. 325, Scenopinus fcnestralis^ 

Fig. 326, Platype::a velutina. 

Fig, 327. Pipunculus cingulatus. 

Fig. 328, Eristalis tenax. 

Fig. 329. Sapromyza vulgaris. 

Fig. 330, Desmomclopa latipes. 

Fig. 331, Stratiomyia apicula. 

Fig. 332. Oecoihea feneslralis. 

Fig. 3,33. Chyromya concolor. 
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EXPLANATION OF PLATE 

Lateral Aspect of thf. Proboscis 

Fig- 234 - Sepsis violacea. 

Fig. 335- Aphiochacta agarki. 

Fig. 336. Oihthera VKinlis. 

Fig. 337. Coelopa va 7 idvzen. 

Fig. 338. Sphyrucephala hrevicorms. 
Fig. 339. Lo.'^’ocera pecioralis. 

Fig. 340. Ueleroneura fiaviseta. 

Fig. 34 Chrysoinysa demandata. 
Fig. 342. Borharus 
Fig- 343- Drosophila awpelophila. 
Fig. 344. Tetanocera phimosa. 

Fig. 345. Chloropisca glabra. 

Fig. 346. Thclaira kxicosona. 

F'lg. 347. Laarcsta 
Fig. 348, Calohata 
Fig. 349. liydrotaea dcntipes. 
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[264 




hig. 


Eig. 


I'ig. 

.^ 5 -. 

Kig. 

. 15.1 

Eig. 

. 154 . 

Eig. 

5 - 55 - 

i'ig. 

556. 

lM.g. 

. 157 . 

I'ig. 


b'ig. 


Eig. 

560, 

Eig, 

y)r. 

Fig, 

362, 

Eig, 

363. 

Eig. 

364. 

1-ig. 

364:1 

I'jg. 

365. 

Eig. 

361''. 

b'ig. 

36;. 

I'ig. 

36S. 

Eig. 

3 <x). 


,’;o. 


KXPLAXATIOX Oi' PLATE 

Mouth-pakts 

Sarcophtujd luu’Diorrhoidalis, lateral aspect. 

Mu-Ud doiiu'stua, later.'il aspect. 
liuipis clmsa, lateral aspect. 

Archytds analis, lateral aspect. 

.S 7 rj/^v).rv.v I'ulciiraus, lateral aspect, 

Siphoiid iicnu dhUih lateral aspect. 

Conops bnuhyrhxiichiis, lateral aspect, 

Saiiophd(/(t furcdt,!, lateral aspect. 

Olfcrsid ardctic, lateral aspect. 

Siyti)<iashv hiuiiuuhtd, caiidnl aspect. 

XnVira rarff/aj, in a. \ iliac and labium, cephalic aspect. 
ILvoprosopa fasdata, lateral aspect. 

Hypothetical and typical labium, niesal aspect. 

1 lyputlictical mouth-parts, lateral aspect. 

Bibio fi’Diorotus. maxillae and labium, cephalic aspect, 

Bui one bus IrislU, head and month -parts, lateral aspect. 
Trichocvni binHwula, maxillae and labium, cephalic aspect. 
Siiniiliuiii rcnuslun!, maxillae and labium, cephalic aspect. 
Rhnhdopliaiia strobiioidcs, maxillae and labium, caudal aspect 
Li'ia oblectabilis, maxillae and laiu’um, cephalic aspect. 
fA'ptis irrlebrata, mesal aspect of glossa. 

Leptis 'i'crlrbrahi, maxillae and labium, caudal aspect. 
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big. 

3 ;t. 

Fig. 

372. 

i'ig. 

373. 

Fig. 

374. 

F'ig. 

375 - 

Fig. 

.376. 

Mg. 

377. 

Mg. 

3 ;«. 

Fig. 

.379. 

Fig. 

3 ^ 0 . 

J'ig. 

3 Hk 

Fig. 

382. 

I'ig. 

383. 

Fig. 

384. 

(Mg. 

38.A 

Fig. 

386. 

Fig. 

38;. 

Fig. 

388. 

Mg. 

. 38 g. 

Fig. 

390. 

Fig. 

301 . 

I'i.g. 

392. 

Fig. 

393. 

Fig. 

394. 


KXl’LAXATIOX OF PLATE 

Maxiixak and Labium 

Chirominus icrrwymcovitiaius, cephalic aspect. 

Psychoda albipcnms, cephalic aspect. 

Psorophora ciliata, female, portions of mandibles, maxillae, labium, ten- 
toriinii, and hcad-capsulc. 

Rltyphus punctotus, cephalic aspect. 

/>i.ra cliivdtn, cephalic aspect. 

Promai'hus 7'(’rli'hn!tus, candal aspect. 

Pro mac Inis zu'rlrhrntiiSf labium, cephalic aspect. 

Proiiiihlnis z'crlchratus, cross-section of labium, see figure 377. 
Protinji'hiis irrlchrcitiis, distal end of labium, cephalic aspect. 

Psorophora ciliata, distal end of labium, caudal aspect. 

Psorophora liliaia, distal end of labium, cephalic aspect, 

Cronnioiiiyia couadi'usis, ceplialic aspect. 

Tiptifa bkornis, distal end of labium, mesal aspect. 

Tip^ko biconus, caudal aspect of labium. 
llclohiii pmdlpemiis, caudal aspect. 

Lmnobia itnmatura, caudal aspect. 

Diva riaraia, caudal aspect of labium. 

I'ipuia bicornis, scleritcs about distal end of theca of labium. 
JUtlacoioorpha chrz’ipcs, distal end of labium, mesal aspect. 

TabiVtus (kf/nrUous, mesal aspect of labium. 

Tobatuis oifiatUcus, caudal aspect of labium, 

Tabauus gigantcus, cephalic aspect of labium. 

Aphiochaeta agarici, caudal aspect. 

Aphiochaeta distal end of labium, mesal aspect 
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KXPLAXATIOX OF PLATE 
Labium 

f'lK- 395- StnUioniyia ixpiculat caudal aspect of proboscis. 

Imj;. 3Q('). Striitiomyia apicula, mcsal aspect. 

39“- X^'das clavatus, caudal aspect, 

39a Mydiis chwatus, cephalic aspect. 

I'iR. 399- Bibioccplujla cephalic aspect. 

I<'ig. 400. Scenopvius jcncsiralis, mcsal aspect. 
iMg. 401. S(’<'uopinus fciit^slralis, caudal aspect. 

I''ig, 402. fGiloci’pludfi hactnonhoidalis, caudal aspect. 

Fig. 40,1. Psilorcphala hacinorrhoiditlis, mesal aspect. 

Fig. 404. Di'smoiuctnpa hilipcs, caudal aspect. 

Fig. 405. Jh'snioiiictopa latipcs, cephalic aspect. 

F'ig. 406. /.u»f7i0/j/cra luted, caudal aspect, 
h’ig, 407, Lonehopleni liilea, ce])halic aspect, 
lug. 4aS. Londjoptera lufea, mesal aspect, 

F'ig. 409. Siiproniyca vulguris, caudal aspect. 

F'ig. 4(0. Sdproiiiyca 'luhjdrh, mesal aspect. 

F'ig. 4(1. Chyrontya coueolor, caudal aspect. 

Fig. 412. Chyroiiiya loucolor, mesal aspect. 

Fig. 413, liimresta ne quails, caudal aspect 
F'ig. 414, Iluarcsta a c quails, mesal aspect. 

Fig. 415, Pliiiypcsti I'Autina, mcsal aspect. 

Fig. 416. P hi y peso vclutinu, caudal aspect. 

Fig. 41;. Coil ops brachyrhynclins. distal end, caudal aspect 

Fig. 418. Couops brachyrhyuchus, distal end, lateral aspect. 

Fig. 419. Couops hrachyrhyuclius, distal end. cephalic aspect. 

Fig, 420, Coiwps brachyrhyvehus, caudal aspect, 

F'ig. 421. Puipis clausa, caudal aspect. 

i'ig. 422. F. Ill pis portion of ceplialic aspect. 

F'ig. 423. 1 1 HI pis clausa, ccplialic aspect. 

Fig. 424. Phamphoiiiyia qhhra, caudal aspect. 

Fig. 425. ejlabra, me.sal aspect. 

Fig, 425a. Eulouclius trislls, cephalic aspect. 

Fig. 435b, Etilonchus irislis, distal end, mesal aspect 
Fig. 426. F.xoprosopa fasciaia, distal end, caudal aspect. 

Fig, 427. Exoprosopa fasciaia, cephalic aspect. 

Fig. 428. Exoprosopa fasciaia, distal end, mesal aspect. 

Fig. 429. Exoprosopa fasciaia, caudal aspect, 
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l-:XPLANATION OF PLATE 

Labium 

430. Chloropisca glabra, caudal aspect. 

Fig. 431. Chloroj^isca glabra, cephalic aspect. 

ImK- 432, Dolichopus bifractus, mesa! aspect. 

433' Dolichopus bifractus, caudal aspect 
h'lK- 434. Duliclwpus bifractus, lateral aspect. 

ImK. 435- Pipur\culus cingulatus, caudal aspect 
43^’. Pipunculus cingulatus, cephalic aspect. 
iMg. 437. Borborus equims, caudal aspect, 
h'ig. 438, Borborus cquinus, mesal aspect. 
l''ig. 43Q. Sepsis i^ohcea, caudal aspect, 
h'ig. 440. Sepsis X'iolacca, mesal aspect. 

I'ig. 441. Fristalis teuax, mesal aspect, 
i'ig, 442. Eristalis tenax, caudal view. 

Mg. 443. P.risialis temx, distal end of theca, caudal aspect 
h'ig. 444. Ochlhcra caudal aspect 

Fig. 445. 0 ( 7 tt/irrfl mantis, mesal aspect 
iMg. 446. Cahhaia univitta, mesal aspect. 

F'ig, 447. Calohaia univitta, caudal aspect. 

F'ig. 448. (.'oi'lopa vanduzeii, caudal aspect. 

Mg. 440. Coelopa vaiiduzcii, mesal aspect. 

I'ig. 450. Spliyrncephala brevicornis, caudal aspect. 

F'ig. 45t. Spltyraceplinla brei'icornis, mesal aspect. 

F'ig. 452. Oecotlica fcnesiraliSf caudal aspect. 

Fig. 453. Oecoihea f cue straits, mesal aspect, 

F'ig. 454. Drosophila ampdophila, caudal aspect 
I'ig. 455. Drosophila ampdophila, mesal aspect, 
l^'ig. 456. Chrysomysa demandata, mesal aspect, 

F'ig. 457. Chrysomyza demandata, caudal aspect 

Fig. 458. Siplifltia gcniculata, distal end, cephalic aspect 
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I'iK. 450 ’ 
I'iK. 

FiK. 461. 
Im«. 

1m K. 46.1 

I'if?. 464. 
IGfi. 465. 
iMK. 

Im}4. 467. 
ImK. 4(18, 
Imk- 4 f<^^ 
I'if?. 470. 
Im) 4. 471. 
I'i«. 47 -^ 
I'ifs'. 47 . 1 - 
I'iK. 4 ;-l- 
I'lK- 175 - 
ImK'. 476. 
Im«. 477 - 
l<i«- 478. 

I ' its' 47 ')- 
I ''in 4X0. 

48 (. 

(■'its'. 48-?. 

I'its' 481. 
I'i^v 484. 

I'itsM 48.'- 

ImK. 4 S/\ 
iMK. 487. 
I'iK, 488. 
iMKf. 4S<), 

Imp. 490. 
I'ip. 401. 
I'ip. 494. 


j;X['L.\\A'llO\ OF PLATE 

Laiul m anp other Parts 

llt'U'roncura jlaviscta, caudal aspect. 
lletcronevm jlaiiseia, mcsal aspect. 

Loxaccra pectoralis, caudal aspect. 

}j)xoccra pcilorulis, mcsal aspect. 

Tctfinoi'crn pluinosa, caudal aspect. 

Tetanocera plu}iiosa, mcsal aspect. 

Musid dniiiesticot dorsal aspect of glossae. 

A/ujca doiucstica, caudal aspect. 

.UwiCd doiucstica, mcsal aspect. 

Arcliytas mialis, caudal a.spect. 

.Irchyias aniiiis, mcsal aspect. 

Scatopliiitjd fiinata, caudal aspect of mediproboscis. 

.Sfdtophiu/d furcdtd, ventral aspect of distiproboscis. 

Scdlophiuid fnrcotd, mcsal aspect. 

1 lit'ldird Icui'ozofia, caiulal aspect. 

I ht’Idird IcuKKoiid, mc.sal aspect. 

/lydrotuci! dcnlipcs, caudal aspect, 

Hydro till'd ({('iitipcs, mcsal aspect. 

Sort of' hi 1/(1 luiriiiorrhoiilalis, caiulal aspect. 

Xorioplhii/d lidcinorrhnidtilis, iiiesal aspect. 

v.y ( distal end. lateral aspect. 

Stoiiio vys (dh'itrdiis. ilistal end. inesal aspect. 

I.ispo Hiisoni, distal cud, mcsal aspect. 

Boio.hylius I'uijiir, cros.s-sectiim iliru pscitdntracbca. (.After 
Diiniudck.) 

(hhtlu'ra iiuintis, cro.ss'sectiim thru pseudotracliea. 

Musid (Cdiaphord } vooiiioriii, cross-section thru pseudotrachea 
( .\ ftcr niiiMiiock.) 

Mused (Cdlliphordi rtn.'ii/()n(j, an cnlargerl psetidotrachea. (After 
I^iimiiock. ) 

Oiicodcs costatiis, entire mouth-parts, caudal aspect. 

I'Ostdtus, entire mouth-parts, lateral aspect. 

Olfersid ardcdc, distal cud, lateral aspect. 

.Vta/H/tnuj cephalic aspect of the labrum. 

(7(i.vfr<i/'/u7i<^ entire mouth-parts, caudal aspect 
iListrophilus cqui, sagittal section thru mouth-parts, 

Gdstrophilus cqut, entire mouth-parts, ceplialic aspect. 
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EXPLANATION OF PLATE 

Epjpharynx ANii Hypopharynx and Associated Parts 

Fig- 493- Hypothetical type, lateral aspect. 

Fig. 494. Tabanus giganteus, female, lateral aspect 
Fig. 495. Tabanus giganteus, male, lateral aspect. 

Fig. 496. Tabanus giganteus, female, caudal aspect 
Fig. 497. SittiuUum venustum, female* lateral aspect. 
Fig. 498. venustum, female, caudal aspect 

Fig. 499. Trichocera biniacula, lateral aspect. 

Fig. 500. Trichocera bimacula, caudal aspect. 

Fig. 501. Dixa clavata, lateral aspect. 

Fig. 502. Dixa claivta, caudal aspect. 

Fig. 503. Tipula bicomis, lateral aspect. 

Fig, 504. Psorophora ciliata, female, lateral aspect 
Fig. 505. Psorophora ciliata, female, caudal aspect. 
Fig. 506. Ceranomyia canadensis, lateral aspect. 

Fig. 507. /.pinio^ta immatura, lateral aspect. 

Fig. 508. Rbyphus punctatuSf lateral aspect 
Fig. 509. Rhyphus punctatus, caudal aspect 
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l‘:X['f..WA!ION 01' PLATE 

l'!i'n'F(,'\Rv,\\ AND (Ivi'oi'makvn.x AM) Assor[ATF.D Parts 

5in. h'hnl>d(>f‘}ui(iti slrobiloidcs, caudal as])cct- 
Mf- Rli{ihd()ph(via sirnbiloidi's, lateral aspect. 

I'ij?. ,sij. .SVmn» T’drmas, caudal aspect. 

.si.i- .SVwru T'ur/a/Tf. lateral .aspect. 

5 M. Pi'riplauctd oricuUdis, clypcus, lahrum, and eplpharynx spread out, cntal 
aspect. 

I* IK. 51, A Mi'lniapliix dijjcrcntiiilis, cL'pciis, lahrum, and cpipharynx spread out. 
eiital aspect. 

I’Ik- 5 '^c Ln'//u.f riKht-half of clypcus, labruin, and epipharynx. 

cephalic and caudal aspects. 

I'iK- 517. Pniiitihlius lateral aspect. 

MK- epipharyn.x and labruin, caudal aspect. 

Imk. 5 I‘J- I'ranituhus rertebraius, caudal aspect. 

Imk. 5 -’^’. l.t'Ptis 7vr/c/)r<itf?. lateral aspect. 

Mk. 5JI. ('m/iVdu/i'j lateral aspect. 

I' Ik 5J-». lUbio lriiii>ratus. caudal aspect, 
l’'K. .S-M Pibio fonoratus, lateral aspect. 

Mk. 5-d- Ibduhopus hifnit tus. caudal as]>cct, 

[■'iK. 5-5' Reptis I'lT/chnitu, caudal aspect. 

(mk. PibioiYpluihj t'lcfui^duhi, caudal aspect. 

I'lK- 5-7- Pibiiu;'pluihi lateral aspect. 

I'Ik. 5 - 1 ^' Ihdicljopus bilrai ius, lateral aspect. 
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KXPLAXATIOX OF PLATE 

EiMl'iiAKVNX ANN HvrOPHARYNX AND ASSOCIATED PARTS 

F’iR. 52(j, Psychodii (ilbipe)\mj, lateral aspect. 

Psyciwihi albipennis, caudal aspect. 
Cliironouius jcrrugincoviHatust lateral aspect. 
5,12. ChiroHoiiius fcrrugineovittatus^ caudal aspect 
I'i.'sC ,5.1,1. BsilO(cph(ih hacuwrrhoidalis, lateral aspect 
I'iH- 5.14. PsHoct'pItnla htieniorrhoiJalis, caudal aspect. 
I'ijt 53.> Mydii^’! i'hiviitus, lateral aspect, 

5,16. Mydas Aavafus, caudal a.spect. 

I'iK- .537- Siriiopinits jcnestralis, caudal aspect 
Eifj. 538, Sceno pirns fcncsWalis, lateral aspect. 

Fill. 53g. l.tntihopicra lutca, lateral aspect 
Imr. 5.jO. AphioAiacta (\garici, caudal aspect. 

Ei?^. 54 1. Lon chapter a luicn, caudal aspect 
Fijj;, 542, I’hitypcza vdutina, caudal aspect. 

5}j:i. Pltilypecij velutiiuj, lateral aspect, 

Fiji. 543' Pulonchus tristis, lateral aspect. 

Fig, 544. AphiochaeLi (j/;unVj, lateral a. sped. 
iMg. 545. apiculoi lateral aspect. 

Fig. 546. apicula, caudal aspect 

Fig. 547. P: II pis clausa, lateral aspect. 

Fig. 548. Em pis clausa, caudal aspect 
Fig. 549. Exaprosopa fasciata, lateral aspect. 

Fig. 550, Exoprosopa fasciata, caudal aspect. 
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i<: 


Fig. 

551. 

h'itl. 

55^. 

h>B. 

553- 

Fig. 

.5.S4. 

Fig. 

555- 


SSG 

Fig, 

.55/. 

F'iK. 

5.5X. 

Fig. 

559. 

Fig. 

560. 

i'ig. 

St) I. 

F'ig. 


F'ig, 

5t'.^ 

F'ig. 

SH 

Fig. 

. 565 . 

i‘'ig. 

5 t)t). 

i'ig. 

567 . 

l<ig. 

at'S. 

1 'ig. 


F'ig. 

570 . 

F'ig. 

. 571 . 

I'ig. 

57-. 

F'ig. 

57,1. 

F'ig. 

574. 

]<'ig. 

575- 

17g. 

F'ig. 

57t*. 

F'ig. 

5 ;S, 

Fig. 

579 . 


EXPLANATION OF PLATE 

J'U'IIARVNX ANIi HyPOPHARYNX AXIJ ASSOCIATED PaRTS 

Ciilabata univitta, caudal aspect. 

Cii(obatti unk'itUi, lateral aspect, 

Saproiiiyca vulgaris, lateral aspect, 

Sa(>ro)iiycti 'vulgaris, caudal aspect. 

Chloropisca glabra, caudal aspect. 

Chloropisca glabra, lateral aspect, 

Chrysoinyca dt’iiuiiidata, caudal aspect. 

Clirysoiny'a dcntandula, lateral aspect. 

( Oi'lapa S'tinduccH, caudal aspect. 

Coelopa vtmduccii, lateral aspect, 

Pipunculus liiujuliitus, caudal aspect. 

Pipun cuius ling Ilia I us. lateral aspect. 

Prasapliila anipclupliila, caudal aspect. 
nritsophila (iiiipclophila, lateral aspect. 

Porborus ci/wi;;u.y, lateral aspect. 

Ilorbariis cgiiiuus, caudal aspect. 

Hi'rbonis cguiiiiis, h\’p()phar_vnx united with labium, caudal aspect. 

I'oprcd/ur, caudal aspect. 

(7i_vrdfr;3'(i t(uu'd/()r, lateral aspect. 

1.0. vDi cra pcctoralis, caudal :ispect. 

1.0. roccra pcctoralis. lateral aspect. 

/iHfirc.rfii fjcijuijh'i, c.audal aspect. 

Huarcsta {U'(]iuiHs, lateral aspect. 

OcfUlicru iiuvtlis, lateral aspect. 

Ochthcra mantis, caudal aspect of the lahruiu. 

Oi7i//t(Tir ujdJiftj, caudal aspect of the epipharynx. 

(b/i/Zicra caudal aspect. 

Pcsa'omctopa lalipi's. lateral aspect. 
ncsmoir.ctnpa talipes, caudal aspect. 
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EXPLANATION OF PLATE 


EriruAkYNX and Hvrjphakynx and Associatfd Parts 


Fig. 580. 
Fig. 581. 
Fig. 582. 
Fig. 583. 
Fig. 584. 
I’ig. 585- 
iMg. 586. 
Fig. 587. 
I'ig. 588. 
Fig. 589. 
Fig. 590. 
Fig. S 9 I. 
Fig. 592. 
Fig. 593 . 
Fig. 594. 
Fig. 595 . 
Fig. 596. 
Fig. 597 - 
Fig. 598. 
Fig. 599. 
Fig. 600. 
Fig. 6o[. 
Fig. 602. 
Fig. 603. 
Fig. 604. 
Fig. 605. 
Fig. 606. 


Occothea fewstralis, lateral aspect. 
Oecothea fenestralis, caudal aspect. 

Sepsis violucea, lateral aspect. 

Sepsis violucea, caudal aspect. 

TeUinocera plumosa, lateral aspect. 
Sphyraccphala brcvicornis, lateral aspect. 
Tetanocera plumosa, caudal aspect. 

Friifa/ij tenax, caudal aspect. 

Jlristalis tenax, lateral aspect. 
ileicroneura flaviseta, lateral aspect. 
Heicroncura piaviseta, caudal aspect. 
Conops hrachyrhynchus, caudal aspect. 
Conops brachyrhynchus , lateral aspect. 
Scixtophaga jurcata, lateral aspect. 
Scatophaga jurcata, caudal aspect. 

Thclaira leucozona, lateral aspect. 

Thclaira leucosona, caudal aspect. 
Ilydroiaca dentipes, l.itcral aspect, 
Ilydrotuea dentipes, caudal aspect. 
Stomoxys calcitrans, lateral aspect. 

Musca domcstica, lateral aspect. 

Musca domestica, caudal aspect. 

Sarcophaga hacmorrhoidalis, lateral aspect. 
Sarcophaga hacmorrhoidalis, caudal aspect. 
Archytas analis, lateral aspect. 

Archyfas analis, caudal aspect. 

Olfersio ardeae, lateral aspect. 
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